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gence Division of the Admiralty to write Geographical Handbooks 

on various parts of the world. The purpose of these handbooks 
was to supply, by scientific research and skilled arrangement, material 
for the discussion of naval, military, and political problems, as distinct 
from the examination of the problems themselves. Many distin- 
guished collaborators assisted in their production, and by the end of 
1918 upwards of fifty volumes had been produced in Handbook and 
Manual form, as well as numerous short-term geographical reports. 
The demand for these books increased rapidly with each new issue, 
and they acquired a high reputation for accuracy and impartiality. 
They are now to be found in Service Establishments and Embassies 
throughout the world, and in the early years after the last war were 
much used by the League of Nations. 

The old Handbooks have been extensively used in the present war, 
and experience has disclosed both their value and their limitations. 
On the one hand they have proved, beyond all question, how greatly 
the work of the fighting services and of Government Departments is 
facilitated if countries of strategic or political importance are covered 
by handbooks which deal, in a convenient and easily digested form, 
with their geography, ethnology, administration, and resources. On 
the other hand it has become apparent that something more is 
needed to meet present-day requirements. The old series does not 
cover many of the countries closely affected by the present war (e.g. 
Germany, France, Poland, Spain, Portugal, to name only a few); its 
books are somewhat uneven in quality, and they are inadequately 
equipped with maps, diagrams, and photographic illustrations. 

The present series of Handbooks, while owing its inspiration 
largely to the former series, is in no sense an attempt to revise or re- 
edit that series. It is an entirely new set of books, produced in the 
Naval Intelligence Division by trained geographers drawn largely 
from the Universities, and working at sub-centres established at 
Oxford and Cambridge, and is printed by the Oxford and Cambridge 
University Presses. The books follow, in general, a uniform scheme, 
though minor modifications will be found in particular cases; and 
they are furnished with numerous maps and illustrations. At the 
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present time books covering over thirty-five countries are in course 
of preparation, and this list will be substantially extended by the end 
of 1942. 

The purpose of the books is primarily naval. They are designed 
first to provide, for the use of Commanding Officers, information in a 
comprehensive and convenient form about countries which they may 
be called upon to visit, not only in war but in peace-time; secondly, 
to maintain the high standard of education in the Navy and, by 
supplying officers with material for lectures to naval personnel ashore 
and afloat, to ensure for all ranks that visits to a new country shall be 
both interesting and profitable. 

Their contents are, however, by no means confined to matters of 
purely naval interest. For many purposes (e.g. history, administration, 
resources, communications, etc.) countries must necessarily be treated 
as a whole, and no attempt is made to limit their treatment exclusively 
to coastal zones. It is hoped therefore that the Army, the Royal Air 
Force, and other Government Departments (many of whom have 
given great assistance in the production of the series) will find these 
Handbooks even more valuable than their predecessors proved to be 
both during and after the war of 1914-15, 

This volume has been prepared for the Naval Intelligence Division 
at the Cambridge sub-centre (Director, Mr J. M. Wordie; General 
Editor, Dr H. C. Darby). It has been written by Dr H. C. Darby, 
Mr G. Manley, Dr A. A. Miller, Mr F. J. Monkhouse, Mr A. C. 
O'Dell, Mr D. T. Williams and Dr S. W. Wooldridge. ‘The maps 
and diagrams have been executed by Miss Margaret Alexander, 
Mr D. J. Bennett, Mr A. O. Cole, Mr C. R. Haynes and Mrs 
Gwen Raverat. 


J. H. GODFREY. 
Director of Naval Intelligence. 


Fune 1942. 
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Chapter I 
GEOLOGY AND PHYSICAL GEOGRAPHY 


ntroduction: Brittany: The Paris Basin: The Eastern Frontier Zone: Aquitaine: 
The Central Massif: The Pyrenees: The French Alps: The Jura: The Rhéne-Sa6ne 
Yorridor: Mediterranean Lands: Bibliographical Note 


INTRODUCTION 


[he area of France, excluding Corsica, is 537,600 sq. km. or 209,292 
q. miles—that is, over three times the size of England and Wales. 
Viore than one-half this surface is below 200 m. above sea level. 
uess than one-quarter exceeds 500 m., yet one of the highest peaks in 
furope, Mont Blanc (4807 m.), lies within the south-eastern boundary 
Fig. 1). The units that make up the country include three great 
‘iver basins—those of the Seine, the Garonne and the Rhéne-Sadéne. 
[hese are separated and bounded by upland areas—either by old 
nountain blocks like those of Brittany, the Central Massif, the 
Ardennes and the Vosges, or by the younger mountains of the Alps 
ind the Pyrenees. 

These broad physical facts result from the geological history of 
he area and reflect the major structural elements that are summarized 
yn Fig. 2. ‘Two distinct periods of mountain building are responsible 
or the main characteristics of the surface of France. The earlier 
‘olding took place during Carboniferous times when the existing 
-ocks were folded and crumpled by earth pressures to form part of 
1 great European mountain chain called the Hercynian system 
Fig. 3). Large masses of granite were intruded into the cores of this 
‘ange, and some of the more deeply buried sediments were changed 
xy heat and pressure into schistose rocks. A lengthy period of erosion 
‘ollowed in Permian and Triassic times and reduced these Hercynian 
nountains to comparatively level surfaces (peneplains). Over parts 
yf this Hercynian floor the seas of succeeding ages spread their 
Jeposits, mainly limestones, sandstones, marls and clays (Fig. 6). 
The thickness of this cover of newer rocks varied from place to 
place, for some portions of the old floor rose while other portions 
sank. ‘The uplifted areas are the present-day blocks of Brittany, the 
Central Massif, the Vosges and the Ardennes. These projected at 
imes as islands and consequently were but thinly covered by 
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sedimentary rocks; the Paris basin and the basin of Aquitaine thus 
became arms of the sea connected by the former Strait of Poitou 
(Fig. 2). In these areas, sedimentary rocks accumulated to great 
thicknesses. This was especially the case in the south, for over 
southern Europe the Hercynian floor plunged southwards beneath 
a deep ocean in which a great thickness of sediment was laid down. 






A 





===) Hercynian Blocks 


Tertiary Folds 


150 Kms. 


Fig. 2. The structure of France 


Simplified from L. de Launay, Géologie de la France (Paris, 1921). The older masses 
within the Alps and Pyrenees are not shown. 


Subsequently, in mid-Tertiary times, a second series of earth 
movements crumpled the thick accumulation of sedimentary rocks © 
in southern Europe to form the Alps and their associated ranges 
(Fig. 4). The upstanding Hercynian blocks stood as bastions against 
the advance of the Alpine thrusts and folds. In the stress of the 


INTRODUCTION 3 


movements, these rigid blocks were further raised en masse, often to 
the accompaniment of fractures both within them and along their 
edges. Outpourings of lava and volcanic ash and dust covered 
extensive areas of the Central Massif and likewise bear witness to 
the stresses of the time. Farther away from the Alpine disturbances, 
the old rocks of Brittany were affected only to a small extent. 
Similarly, the sedimentary rocks of the Paris basin were only flexed 
into a general basin form, broken by occasional faults. The rocks of 
Aquitaine were likewise only gently folded. These remoter movements 
have been aptly described as ‘the outer ripples of the Alpine storm’. 


Table of main geological subdivisions 


Recent 


uaternar ; 
Q , Pleistocene 


Pliocene 
Miocene 
Oligocene 
Eocene 


Tertiary Alpine folding 





Cretaceous 
Mesozoic Jurassic 
Triassic 





Permian 
Carboniferous 
Devonian 
Silurian 
Ordovician 
Cambrian 


Pre-Cambrian : | 


Hercynian folding 


Palaeozoic Caledonian folding 


Almost the last stage in the production of the present landscape was 
the erosion of later Tertiary times. This has stripped the sedimentary 
cover from the old blocks and has carved valleys that bear little rela- 
tion to those of the original Hercynian mountains. But the direction 
of those ancient mountains still survives in the new generation of 
hills and valleys. In the Ardennes and the Vosges, the general trend 
is east-north-east to west-south-west. In Brittany it is west-north- 
west to east-south-east. In the Central Massif, the two directions 
meet; here, the coalfields form, as it were, inlaid strips in the 
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Hercynian graining, since the coal measures were the youngest rocks 
involved in the Hercynian folding (Fig. 31). 

In the Paris basin, erosion has acted upon the gently folded rocks 
to produce the scarplands that lie between Paris and the eastern 
frontier. The Aquitaine basin and the Rhéne-Sadne corridor have 











ROA Exposed blocks ) Hercynian MM] Ancient massifs within the 
|__| Subsided ne Folding Alpine system 


Vijij4 Caledonian Folding Sean Alpine Folding 


Russian Platform Pre~ Cambrian - 
Fenno-~Scandian table | Foundation oo 





Fig. 3. The structure of Europe 
Based on E. de Martonne, Traité de Géographie Physique, vol. 11, p. 834 (Paris, 1926). 


been filled with newer Tertiary sediments lying flat and unfolded. 
These were deposited after the Alpine movements and are derived 
largely from the debris brought down by the rivers of the Alps and 
Pyrenees. 

During most recent geological times (Quaternary), France lay to 
the south of the European ice sheets, but there were local ice-caps 
and valley glaciers in the uplands of the Central Massif, of the 
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Ardennes and of the Vosges, and, more especially, in the Alps and 
the Pyrenees. This ice has produced typical glaciated features in all 
these areas, and has contributed also to the waste that has been brought 
down into the plains around. The final impress to the present-day 
landscape has been the result of human agency. The marshes of 
Flanders, of Bas Médoc and of Poitou have been drained, and there 
have been many other minor coastal changes. Inland, the great 
marshy area of the Sologne has been reclaimed; and the valley- 
bottoms of many rivers, notably the Seine and the Rhine, have likewise 
been drained. 





Direction 
of thrust 


Fig. 4. Diagram to illustrate the folding of the Alps 


The structural elements that have resulted from this geological 
history may be thus tabulated as follows: 


A. Resistant Hercynian massifs. 
(1) Central Massif. 
(2) Armorica. 
(3) Vosges. 
(4) Ardennes. 
(5) Les Maures and I’Esterel. 


B. Mesozoic and Tertiary lowlands. 
(1) Paris basin. 
(2) Aquitaine basin. 
(3) Rhone-Sadéne depression. 
(4) Plain of Languedoc. 
(5) Flanders plain. 
C. Alpine folded mountains. 
(1) Alps. 
(2) Pyrenees. 
(3) Jura. 
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These main elements must form the basis of any account of the 
geography of France. Practical considerations, however, make it 
convenient to regroup some of these units for descriptive purposes. 
Thus the stamp put upon landscape and economy by a Mediterranean 
climate links the plains and mountains of the south together. Or 
again, the miscellaneous regions along the eastern frontier of France 
can conveniently be considered together. ‘The account that follows, 
therefore, deals respectively with the following areas (Fig. 5): 


(1) Brittany and its borders. 

(2) The Paris basin. 

(3) The eastern frontier region. 
(4) The Aquitaine basin. 

(5) The Central Massif. 

(6) ‘The Pyrenees. 

(7) The Alps. 

(8) ‘The Jura. 

(9) ‘The Rhéne-Saéne lowlands. 
(10) The Mediterranean lands. 


These main regions can be further subdivided, and in this con- 
nexion it is important to note that a curious feature of French 
geography is the existence of local or popular names for many regions 
(pays) which have never corresponded to any political or adminis- 
trative divisions. Examples of these are Beauce, Brie, Pays de Caux, 
Vexin Normand and Woévre. No complete survey of pays names 
yet exists, and authorities have differed greatly in their estimates 
of the total number. An investigator in 1836 named Guérard 
believed that he had found 800 pays names, but many of these are 
doubtful. Another investigator in 1898 considered that there were 
about 350 pays. J. Halkin’s Atlas Classique (1934) indicates about 
140 names. By no means every part of France can be identified by 
the name of a pays; thus Aquitaine has nothing like the wealth of 
popular names that characterizes the Paris basin. Considerable 
vagueness often exists about the precise limits of a pays; frequently 
the pays names marked on maps cover other districts than are 
recognized by the local inhabitants. Occasionally the names of pays 
have died out; thus in the early Middle Ages, the region just above 
Nogent-sur-Seine was known as ‘Morvois’, but the name has not 
survived. 

Some of these names have been given to their respective localities 
by the inhabitants who, consciously or unconsciously, seem to have 
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recognized certain unities based upon the natural facts of soil and 
relief. Indeed, geologists of the nineteenth century hoped that ‘the 
good sense of the peasant’, in employing names to differentiate 
between different soils, had provided a basis for their own scientific 
divisions. But it soon became clear that it was not possible to divide 
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Fig. 5. The subdivisions of France ; 
Key map indicating the areas described in the text. 


the whole of France into a series of geological compartments each 
bearing the name of a pays. Moreover, not all regional names were 
thus based upon soil and agricultural practice. Many writers loosely 
employed a variety of other local names as if they were all strictly 
names of pays. Some were introduced by cartographers of the 
seventeenth and eighteenth centuries in a haphazard fashion. Others, 
while used locally, were not related to a definite region with a 
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characteristic economy. Occasionally, the name of an administrative 
division of the ancien régime, such as a county, has genuinely survived 
in usage, but such names rarely coincide with a natural unit: thus the 
GAtinais, historically, is the territory lying on both banks of the river 
Loing, but the pays of Gatinais is the vine-growing district to the east 
of the Loing. Another type of local name which does not represent 
a true pays is that derived from a town, e.g. Avallonais, the region 
lying around Avallon. But whatever the vagueness and diversity of 
these local names, the fact is that they facilitate detailed reference 
to the regions of France and are frequently used in the account that 
follows. 


BRITTANY AND ITS BORDERS 


The eastern boundary of the Armorican massif is set clearly and 
naturally by the limit of the older rocks. Despite this geological 
boundary, there is good reason for including a belt of newer rocks 
within the Armorican region, for, strange to say, neither landscape 
nor forms of settlement became subject to any radical change 
when the newer rocks to the east are reached (see p. 17). But not- 
withstanding this extension, the dominant characteristics of the 
Armorican area are those of the ‘massif’ properly so called, and they 
reflect the salient episodes in the physical history of the area. The 
rocks of the massif include large masses of granite (Fig. 8), but the 
greater part of the surface is made up of ancient sediments— 
slates, sandstones and shales. Calcareous rocks are present only 
to a limited extent, while, locally, small areas of ‘Tertiary sands and 
clays are preserved in depressions. The major folds within the 
massif run, in general, from east to west, imposing a definite grain 
upon the country. They tend, however, to swing south-eastwards 
across the lower Loire towards the Central Massif, where their con- 
tinuation emerges once more on the surface. 

The view from any commanding point in Brittany shows how 
completely the Hercynian mountains were destroyed during the long 
erosion of Mesozoic times. By the beginning of Triassic times the 
region had been reduced to a peneplain. This peneplain was then 
submerged beneath the Mesozoic seas and covered wholly or in part 
by their sediments (Fig. 6); the Mesozoic formations of the Paris 
basin once extended far to the west of their present limits. The earth 
stresses of ‘Tertiary times then resulted in a partial upheaval of the 
area. ‘I'he new phase of erosion, thus started, stripped this Mesozoic 
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cover to form a new peneplain into which steep-sided narrow valleys 
were carved. Thus, in mild degree, the old mountain forms have 
been reincarnated. The resistant granites forced into the cores of the 
original anticlines stand out as dominant upland elements, and hard 
sandstones and quartzites form straight and narrow ridges between 
valleys carved in shale or slate. 

When this dissection of the massif was well advanced, there occurred 
a last major episode—the submergence of the coastal tracts, brought 
about by a general rise of sea level. To this, the Breton coast 
owes its high degree of indentation (p. 142). Finally, an important 
negative feature is the absence of glaciation from the area; the 
southern margin of the continental ice sheet of Quaternary times lay 
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Fig. 6. Diagram to illustrate the deposition of later rocks upon the 
eroded surface (peneplain) of the Hercynian mountains 


to the north of the area. ‘This absence of glacial action is reflected 
in the presence of true residual accumulations of soil. Thus a striking 
feature of the granitic outcrops is the deep ‘rotting’ of the rock zm situ. 
For a depth of many feet from the surface it has been reduced by 
weathering to the consistency of gravel and is frequently dug as such. 


REGIONAL DIVISIONS 


Despite a very general uniformity in relief, there is considerable 
local diversity, and the area as a whole can be divided into the 
following sub-regions (Fig. 7): 


(1) Armor, or the coastal belt. 

(2) Arcoét, or the upland. 

(3) The Chateaulin basin. 

(4) The Rennes basin. 

(5) The bocage of western Normandy. 
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(6) The Sarthe valley. 
(7) The bocage of Perche and Lieuvin. 
(8) The coastal plain of western Normandy. 
(9) The Cotentin. 
(10) The Channel Islands. 
(11) The lower Loire valley. 
(12) La Vendée. 


The features of each sub-region will be described in greater detail. 


Armor (Fig. 7) 

The Breton distinguishes two essentially diteecn aspects of his 
country, and two Breton names translate these two impressions. On 
the one hand there is the country ‘of the sea’, Ar-mor; on the other, 
the country ‘of the woods’, Ar-coét, and a radically different kind 
of life belongs to each. 

The surface of Armor slopes gently from the high interior, to 
reach the sea almost everywhere in vertical cliffs from 30 to 100 m. in 
height. As a result of the geologically recent submergence, the shore 
is rugged and indented. The general direction of the northern and 
southern coasts is parallel to the grain of the former folds, whereas 
the western coast cuts transversely across them. Along all three 
coasts there are numerous bays and rias, but those of the west, in 
the Rade de Brest and Baie de Douarnenez, are the largest and 
penetrate most deeply inland (Plate 59). 

Northern Armor, between the Baie de St Brieuc and Ouessant, 
averages from 70 to 120 m. in height. It is a sloping surface rising 
gradually, from the top of cliffs often 65 m. above sea level, to the 
base of the Monts d’Arrée and their continuation eastward in the 
Landes du Menez, whose highest points exceed 300 m. From these 
higher ridges of the interior, short rivers flow to the sea in deeply 
incised valleys, the floors of which are in places more than 30 m. 
below the surrounding country. 

The dispersed nature of the settlements increases the number of 
by-roads; these local roads are narrow, poorly-surfaced, and un- 
suitable for heavy transport, especially in winter when they become 
quagmires. Like the fields, they are shut in by thick, high, and 
well-wooded hedges. Main roads between the larger towns are better 
surfaced, but they have to contend with steep declivities. This coastal 
belt, in spite of its old granitic rocks, is densely populated and 
intensively cultivated in small fields, particularly in the area between 
St Brieuc and Morlaix. The granitic soils are enriched by lime and 
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Plate 2. The island of Sark 


The relatively level surfaces are used for intensive agriculture; outside these areas 
undulating rough pasture terminates in abrupt cliffs. 





Plate 3. The Crozon peninsula 


(See Fig. 85.) The peninsula is situated in western Brittany south of Brest. its 
landscape shows similar features to those of the Channel Islands. 
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humus derived from marine shells and seaweed; horticulture, grazing 
and arboriculture are the dominant types of occupation (Plate 1). 

Armor does not draw its whole livelihood from the land, for the 
harvest of the sea is a valuable supplement to its agriculture, and this 
partly explains its high density of population. The submerged river 
valleys, or ‘rias’, have favoured the growth of a number of small 
fishing ports. These rias on both the north and south coasts of 
Brittany are narrow, for their rivers run transverse to the east-west 
structure of the country. Fishing ports such as Morlaix and St Brieuc 
are located several miles from the open sea and are thus sheltered 
from the more violent seas. The discordant west coast is different 
in many ways; here, the sea has penetrated farther into the country, 
to form the great inlets of the Rade de Brest and the Baie de Douar- 
nenez, both cut in soft shales of Carboniferous age. ‘This coastal area 
is part of the basin of Chateaulin, a synclinal depression between the 
two anticlines of Léon and Cornouaille (Fig. 84). 

The southern part of Armor is very similar to the north, but is 
both wider and lower (50-60 m.). Rivers have cut their valleys into 
this coastal plateau, and, as in the other parts of Armor, their lower 
courses have been transformed into rias by submergence, e.g. the 
Odet at Quimper. It is on one of these estuaries that the naval centre 
of Lorient has been built. As on the north coast, the tidal range is 
very great; but the headlands are less massive and the cliffs, though 
steep, seldom exceed 50 m. (Plate 3). 

Life in the south resembles that of northern Armor except that 
agricultural conditions are not so prosperous; the granitic soils have 
not been improved to the same extent; fields are smaller and are 
frequently bounded by stone walls, not by hedges. Fishing, on the 
other hand, is more important than in the north. 


Arcoét (Fig. 7) 

The interior upland of Brittany is known as Arcoét or the wooded 
country, but at the present time there is little true woodland left. 
The appearance of a well-wooded country, however, is given by the 
thickets which cover so much of the area and which are particularly 
marked along the sunken roads and around the small uncleared 
fields. ‘The country rises to 391 m. in the Monts d’Arrée of the 
north, and to 326 m. in the Montagnes Noires of the south. These 
heights are the tops of ridges that rise abruptly from the basin of 
Rennes to the east. ‘The rocks composing themare hard granites which 
have resisted erosion and which now stand out above the Breton 


GEOLOGY AND PHYSICAL GEOGRAPHY 


I2 


°g ‘SI 0} Ady [BdIs0TOay 


SyoO1 SIpIURID 


syoo1 saydniq 


uBliquies-a1g 


UBIIQUIBD S UBIDIAOPIG) 
:UBLIN]IS !URTUOAaG 
:SNOIJIJIUOGIeD 1aMO7T 


snolajiuoqies 


jaddyq pure appr 
SUBIWIOg 


SPILT, 
dIssBin f 
SNOI98IIZ) JAMO] 


snossejaig 1sddq 


(9us90q ‘aua003I10) 
AIe1VII [, 1OP[O 


(euad0IJA] ‘ausd0I;g) 
Alei}19 J, JAMIN 
‘ATVuIIjVNG) 





SITE 


SS 
= 
ae 





ES 





‘(8 ‘S1q YIM atedut0d) sosseur Japlo ay} Jo o8pa oy} JO UOTeOIpUT 
pozi[eioues & sapraoid our] Yor} OYJ, ‘Ppapeys st [oAo] vos sAOGe ‘UI COT IAAO pue’y 


uljudo}, 





Q 
Andy 





Aueylig Jo suorger oJ, 


‘4 “Sty 


212119 a 


@puv1c) 


na . 


Spuvjs] 
jauuvyd 
aul 
Le 


‘SULY OS 


13 


BRITTANY AND ITS BORDERS 


*(6€61 ‘st1eg) L a3e[d ‘aouvsy ap svj1p 9Y4} UO paseg 


oO 
i 
Wy 


@ 
r Quay 


QS 


A Yo SERB Le ey 


aS, a tee 
RQ TRE SET ST Re 
ST Ts iT 


0 ican SRST SE 


[cieaets Wim, 
DD DMG =a 


Sie 
by, 


SD _— : 
cane 
Fear eA 
Us 


Wn ee 


S 


y 
ay 
i @ 


cr. 
dee . bed} 


4 
ae \ 


pS at : re Q 
ad 
| 


ee oe Lez 


ey ‘ i Pic é 


& 


ce 


2 


—_ 
tT 


ae od 


oa 





~ 


14 GEOLOGY AND PHYSICAL GEOGRAPHY 


peneplain. They are elongated from west to east along the direction 
of folding, and appear as flat-topped masses that descend sharply to 
a level surface about 250 m. above sea level; this inland plateau, in 
turn, drops sharply to the lower coastal margins of Armor. 

The Arcoét as a whole is poor and unproductive country. The 
granite soils have not been improved; in many parts, bare granite 
blocks resemble the tors of Dartmoor, while undrained swamps and 
heaths cover large stretches. Towns are few; scattered farms and 
small hamlets are the main features of the countryside. In winter, 
the farm roads are practically unusable, and isolation is the out- 
standing characteristic of the whole upland. 

The continuity of the northern ridges compels the major routeways 
of Brittany to be alined in a general west to east direction with but 
few transverse north-south links. Fortunately, the valley of the Elorn 
(Riviere de Landerneau) affords a passageway for road and railway 
north of the Monts d’Arrée, from the port of Brest to the north 
coast. This barrier to north-south movement is not so pronounced 
in the southern half of Arcoét. There, the rivers have cut their valleys 
deep into the southern plateau and give easy access to the Chateaulin 
basin. Indeed, the gathering ground of the headwaters of the Oust, 
a tributary of the Vilaine, is the northern ridge of the Landes du 
Menez. One other feature of the drainage system of the southern 
plateau is the formation of west-east tributaries to the main north- 
south-flowing rivers. These longitudinal streams have carved their 
valleys in the softer rocks that lie between the resistant granites and 
sandstones. This is well seen in the deep valley, north of the granitic 
Landes de Lanvaux, occupied by tributaries of the Blavet and Oust. 


The Chateaulin basin (Fig. 7) 


This is substantially the east-to-west valley of the River Aulne 
deeply cut some 50~—70 m. below the surface of the Breton plateau. 
It lies in the less resistant rocks of a synclinal depression between the 
upfolds of the Monts d’Arrée and the Montagnes Noires to the 
north and south respectively (Fig. 84). The estuary of the Aulne is 
a typical ria and, together with the Landerneau ria, it forms the 
magnificent harbour of Brest. The valley of the Aulne provides a 
natural routeway, followed by road, rail and canal; the central upland 
which separates it from the basin of Rennes is, at its lowest part, 
not more than 200 m. above sea level. 

The basin, with its wet clay soil, is mainly a dairying region. It has 
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no centres of dense population with the exception of the town of 
ChAateaulin itself, near which are slate quarries of some importance. 


The Rennes basin (Fig. 7) 


This is the only area of extensive lowland in Brittany, and it marks 
the site of a Tertiary (Miocene) lake, in which shelly sands called 
faluns accumulated. But, to-day, it is the old rocks (granite, sand- 
stone, quartzite, and shale) that appear over most of the basin. 

The Arguenon, the Rance, and the Couesnon flowing north have 
their sources not more than 40 km. from the sea, and more than two- 
thirds of the basin is drained southward by the Vilaine and its 
numerous tributaries. ‘These tributaries have cut east-west valleys 
along shales between the harder outcrops of granite and sandstone. 
The uplands between the valleys are mostly between go and 120 m. 
high, and form moorlands with scattered clumps of pine, separating 
low country with meadowlands and fields. 

The low relief, the variety and richness of the soils, and the warmth 
and relative dryness of its climate compared with the west, have made 
the basin of Rennes a prosperous agricultural area—a land of cereals, 
market gardening, and stock raising. Rennes is the natural centre of 
the region; and it has become the administrative and cultural capital 
of Brittany in spite of its peripheral location. It grew up at the point 
where communications are comparatively easy both from north to 
south as well as from east to west. Important natural routeways pass 
through it from the lower Loire valley to the Golfe de St Malo. 

The north coast of the basin has two distinct sections. To the 
west are the narrow estuaries of the Arguenon and Rance; to the 
east, bordering the Baie de Mont St Michel, are the marshes of Dol 
and the lowlying plains of the Couesnon, the Sélune and the Sée, 
south of the granitic headland of Granville. ‘The former marshes of 
Dol are now polderlands protected from the sea by dykes. 


The Bocage of Western Normandy (Fig. 7) 


This region lies to the east of the basin of Rennes and it rises fairly 
abruptly from the surrounding lowlands. A sharp edge some 
150-250 m. high separates it on the west from the basin of Rennes, 
but this edge has been considerably broken by the tributaries of the 
Couesnon and Vilaine. ‘I’o the south, the plateau falls gradually, and 
the upper Mayenne and its tributaries, together with the western 
streams of the middle Sarthe, have cut their valleys deeply into it. 
The descent to the Sarthe depression is likewise sharp and takes 
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place in two steps, first, from the heights of the Forét d’Ecouves, the 
Avaloirs and the Coévrons to the plateau of Alencon, about 200 m. 
high, and then to the incised valley of the Sarthe (136 m. at Alengon 
and only 46 m. near Le Mans). In the north there is a similar double 
drop to the plain of Caen. 

The region is highest in the north; here the two main parallel 
ridges, comprising the Collines de Normandie, present a considerable 
barrier to north-south movement. The northern ridge reaches a height 
of 361 m.; the southern ridge reaches 346 m. in the west but becomes 
much higher and broader eastward in the Forét d’Ecouves (417 m.). 
Both ridges are granitic, but their crests are remarkably flat-topped 
and uniform. The southern ridge reaches the coast at the headland 
of Granville and reappears in the Iles Chausey where the granite has 
been extensively quarried. 

The soils are, for the most part, stiff clays; but sandy stretches 
occur over the narrow bands of sandstone rock and also over parts 
of the wider granite ridges. ‘The whole region, plateau and valley 
alike, is typical bocage country, with fields divided by hedges. The 
principal occupation is the rearing of cattle and horses, sold to be 
fattened on the adjacent lowlands. The higher hills are still well 
wooded, but they also have large stretches of peaty swamp that 
become impassable in winter time. 


The Sarthe Valley (Fig. 7) 


This forms part of a natural routeway running from the Loire to 
the plain of Caen, across the low divide of Alencon, and separating 
the bocage plateaux of the west and east. The limestone tracts in the 
neighbourhood of Alencon and to the west of Le Mans, although 
partly covered by residual clay, are now open areas of cultivation 
cleared of woods and hedges—typical plaines or campagnes. Much 
of the area on the impervious clays of low relief remains, however, 
a bocage of green fields, surrounded by wooded hedges and inter- 
spersed with thickets. Moderate altitude, a sheltered location, and a 
diversity of soils have made possible a great variety of agricultural 
activities. 


The Bocage of Perche and Lieuvin (Figs. 7, 22) 


This area is, again, a plateau surface rising gradually to the west 
from the Seine lowlands and flanking the Sarthe-Auge valleys in a 
steep edge much indented by the eastern and northern tributaries 
of the Sarthe and Loir. But, in contrast with the bocages of 
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Normandy and Lower Maine, its rocks are the soft limestones, clays 
and sands so typical of the Paris basin. These rocks, like the older 
rocks farther west, were planed to a level surface, and then sub- 
sequently raised. Heights of 309m. are reached in the Monts 
d’Amain, and of 287 m. in the hills of Perche. The general level of 
the plateau below these central heights is remarkably uniform and is 
unbroken by large valleys. In Lieuvin to the north-east and in Perche 
to the south-east, its surface is below 200 m., sloping very gradually 
eastwards. It is an astonishing fact that the land utilization, as well 
as the land forms, of Perche and Lieuvin are very similar to those 
of west Normandy and Lower Maine despite the contrasting nature 
of the rocks in the two areas. Geologically, the area is part of the 
Paris basin; geographically it belongs to Brittany. The explanation 
is that the chalk and limestones of Perche and Lieuvin are covered by 
a residual deposit of clay which forms an impervious mantle over the 
underlying permeable rocks. It is, therefore, another bocage country 
of mixed woodland, orchards and green fields. Settlement is of a 
dispersed nature as in the west, and there are no really large towns 
within the area. 


The Coastal Plain of Western Normandy (Fig. 7) 


From east to west along the coastal belt between Lieuvin and the 
Cotentin, parallel outcrops of limestone and clay rocks are crossed 
in succession, but three main areas can be distinguished—the plains 
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Fig. 9. Diagrammatic section across northern Normandy 


Based on A. Cholley, etc., La France, p. 161 (Paris, n.d.). The length of the section 
from west to east is about 150 km. 


3. Middle Jurassic limestone. 6. Clay-with-flints. 
2. Lower Jurassic clays. 5. Cretaceous (chalk). 
1. Rocks of the Armorican massif. 4. Upper Jurassic clays. 


of Auge, of Caen and of Bessin (Fig. 9). Their surface, for the most 
part 60-90 m. above sea level, is broken only by a few north-flowing 
rivers; the chief of these is the Orne, on which Caen stands, some 
11 km. from the sea. 
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The limestones of Caen have weathered into moderately rich soils 
favourable to wheat and sugar beet. Large open fields give a typical 
plaine or campagne appearance, in marked contrast both with the 
bocage country to the south and also with the adjoining clay vales of 
Auge and Bessin. Some of the limestones are excellent freestones, 
and considerable quantities of Caen stone have been exported to 
Britain from the Middle Ages onwards. During recent decades 
ironstones have been worked, and they have contributed to the 
growth of the iron-smelting industry at Caen. 

To the west of Caen, the clay plain of Bessin is marshy, and in the 
lower Vire the land is reclaimed polder now devoted to dairy farming 
and cider production. To the east lies the Pays d’ Auge, the wide 
alluvial valley of the Dives, with meadows and orchards stretching 
below the chalk edge of Lieuvin. 


The Cotentin (Fig. 7) 


This peninsula can be divided into a central lowland and a northern 
upland. The central lowland is a synclinal depression between the 
anticlines to the north and south of it. Along the east coast, the 
lowland includes the Carentan basin and the basin of Valognes, 
separated by a ridge that is continued seaward in the island of 
Marcouf. ‘The plain of Carentan is flat and marshy, and is liable to 
extensive floods. Costly drainage schemes have improved much of 
the area, and railways cross it by embankments raised above flood 
level. The lowland almost reaches the west coast of Cotentin, but 
the country here becomes more undulating in character, with isolated 
hills. The infertile soils have been improved by the assiduous 
application of shelly sands and of seaweed carted from the western 
beaches. 

From the central lowland the northern dissected upland rises 
steeply, broken only by a tributary valley of the Ouve. The upland 
lies athwart a denuded anticline whose granitic cores are now exposed 
in several areas, more particularly in its rocky headlands and in the 
north-west peninsula of La Hague. The general aspect is that of a 
bocage country, with dispersed settlements rather than true villages. 


The Channel Islands (Fig. 7) 


The Channel Islands repeat in miniature many of the geological 
features of the mainland. But the four chief islands, despite their 
mutual proximity, show wide differences in rock constitution. In all 
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of them granitic rocks play a major role, but, with that, detailed 
resemblance ceases. In fersey, a large part of the interior is built of 
slates or shales, and near the north and east coasts there are extensive 
areas of ancient lavas not conspicuous in any of the other islands, nor 
on the adjacent parts of the mainland. The north-eastern corner 
of the island is built of the spectacular ‘Jersey conglomerate’, 
an accumulation of boulders of problematical age and origin. The 
highest point in Jersey is 148m. Guernsey rises only to 110 m.; 
sedimentary rocks are virtually absent, but great masses of red granite 
gneiss, with some associated schists, constitute a new feature. Sark 
is entirely composed of granitic and schistose rocks, the latter bearing 
close resemblance to those of Start Point and the Lizard in south-west 
England. In Alderney, presumed equivalents of the Jersey con- 
glomerate (the Alderney grits) occur in association with the 
ubiquitous granite masses. ‘Taken together, the islands are essentially 
low flat-topped eminences rising steeply from a submarine rock 
platform which bears witness to the vigour and long duration of wave 
erosion. Locally, particularly in southern and western Jersey, narrow 
coastal plains or raised: beach platforms intervene between old cliffs 
and the present coast. In general, however, the coastline presents 
an impressive succession of cliffs (Plate 2). 

The specialized agricultural economy of the two larger islands with 
its emphasis upon ‘primeurs’ (potatoes, tomatoes and glasshouse 
products) recalls similar conditions along the coast of Brittany. 


The Lower Lotre Valley (Fig. 7) 


At Les Ponts-de-Ceé, some 6 km. above its junction with the Sarthe, 
the Loire begins its lower course across the old rocks of the Armorican 
massif. From Les Ponts to the Sarthe it meanders in a flat alluvial 
valley below a low northern plateau whose rocks are exploited at 
Trélazée in the largest slate quarries in France. Downstream to 
Nantes, the valley of the Loire broadens into a small basin at Ancenis 
where the suspension bridge across the river is a quarter of a mile 
in length. Here, the rocks are soft coal-measure shales, and the 
valley slopes are gentle. At Champtoceaux, 5 km. below Ancenis, 
where the river crosses a band of hard rock, the valley narrows almost 
to a gorge whose sides are dark with chestnut woods and ferns. After 
leaving the gorge, the river flows in a widening alluvial valley through 
a low-lying plain which, in recent geological times, was an arm of 
the sea. The old rocks of the plain are covered in this area by marine 
clays and sands, and by river alluvium. 
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The dominant feature along both banks of the river is a vast plain 
with extensive areas of marshland crossed by innumerable waterways 
and ditches. In the north, however, two narrow belts of low hills 
cross the plain from north-west to south-east. One is a granite ridge 
(91 m.) called the Sillon de Bretagne which reaches the Loire near 
Nantes; another and lower ridge reaches the river below St Nazaire. 
These ridges have played an important part in the siting of the 
two ports. 

The prevailing feature north of the estuary is . marshland. The 
Grande Briére swamp to the north-east of St Nazaire is continued 
upstream along the north bank as far as Nantes. Other marshlands 
border the south bank, between Paimbceuf and Le Pellerin. Attempts 
have been made to control the flooding of these marshes by the 
construction of levées and drainage channels. Market gardening, 
fruit growing and meadows, have now taken the place of the marsh, 
but the conquest is not everywhere complete. Much of the Grande 
Briére remains a peaty heath or true swamp, and, on the Croisic 
coast, to the north of the estuary, salt is still obtained by the 
evaporation of sea water in shallow basins. 

The eastern and southern slopes of the Sillon de Bretagne have a 
somewhat different landscape. They are beyond the reach of the 
floods and have a sunny, warm aspect with vineyards which merge 
into fruit orchards and market gardens around the city of Nantes. 
The top of the ridge is open heath country. 


La Vendée (Figs. 7, 29) 


South of the lower Loire the old rocks of ancient Armorica 
reappear and form a plateau surface dissected by streams into hill 
masses. ‘These old rocks are alined on the surface in the direction 
of the former folds, i.e. from north-west to south-east. The central 
zone, some 25 miles wide, is a belt of granitic rocks, flanked to the 
north-east and south-west by alternate beds of softer schists and 
slates. ‘The highest hills of this granitic core reach heights of 250-285 m. 
The soils on the granite are sandy and infertile, giving a natural 
vegetation of moor, gorse and heather, which the French peasant 
calls a gatine. It isa difficult, inhospitable country to the cultivator 
and, like the granite moorlands of Dartmoor, is sparsely populated. 
There is one important exception. The central ridge is divided into 
two by the deeply incised longitudinal valley of the Sevre-Nantaise 
whose slopes are covered with open vineyards, and whose valley 
floor is dotted with many small and pleasant villages. 
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North-eastward is the bocage country of the Mauges, a dissected 
low plateau, some 50-150 m. above sea level. Its wet clay soils have 
the typical bocage landscape with winding and narrow sunken roads 
leading to scattered farms. This type of country comes right down 
‘to the southern bank of the Loire east of Nantes and to the western 
bank of its tributary, the Layon. 

To the south-west of the central granitic hill country is the 
Bocage Vendéen, crossed by numerous rivers which enter the lower 
Loire estuary. Its interior is, on the whole, lower than the Mauges, 
but above its low hills and valleys rise occasional higher south-east 
to north-west ridges. It has the typical rural character of the west— 
small hamlets and scattered farms, but with vines and fig trees clinging 
to the white-washed walls of cottages set amidst small hedge-enclosed 
fields. To the south, a narrow belt of open country, on a limestone 
band extending westward from Poitou, separates the bocage from 
the Poitevin marshes. This is the Vendean plain, an area of cereal 
cultivation that contrasts with the meadows and enclosed fields of 
the adjoining upland. 


THE PARIS BASIN 


The Paris basin covers about one-fifth of the surface of France. 
Two-thirds of it are less than 300 m. above sea level, and only small 
portions exceed 500 m. Its basin-like structure is enhanced by the 
convergent character of the Seine tributaries. 

The limits of the region, in the wider sense, are clearly defined on 
the north-west by the English Channel, and on the north-east by 
the hills of Artois. This anticlinal ridge forms a structural boundary 
between the Paris basin and the plain of Flanders. In the south, the 
boundary is clearly formed by the older rocks of the Central Massif. 
To the south-west the old rocks of La Vendée again set a natural 
limit, but, north of the Loire, Perche and Lieuvin are transitional, 
for Armorican bocage characteristics extend into the Jurassic and 
Cretaceous areas (see p. 17). The boundary to the east is also 
indefinite. From some points of view it is justifiable to include all 
the eastern scarplands, excluding only the Lorraine plateau. It is 
possible to argue, however, that the trench of the Meuse, threading 
as it does an area of relatively sparse population, affords a more 
significant limit. 

The rocks of the Paris basin are sedimentary deposits ranging in 
age from Jurassic to Miocene (Fig. 23). They were laid down in 
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former seas and lakes that preceded the present basin-like depression ; 
and they include limestones, sandstones and clays, together with more 
recent superficial deposits. 

Limestones form the surface over extensive areas. The older 
Tertiary (Eocene and Oligocene) rocks of the central part of the basin 
differ from their counterparts in Britain and Belgium in containing 
important calcareous elements. But more important than these is the 
wide encircling belt of Cretaceous chalk, which is appreciably 
interrupted only in the south, around Orléans, where it becomes 
‘buried beneath the newer Tertiary deposits. It thus forms the under- 
lying rock of large areas in the north (Caux, Picardy, Artois, etc.), 
and comes to the surface in the ‘Dry Champagne’ area to the east, 
as well as along the whole western margin of the basin. The surface 
features of this chalk country depend, however, in a very large 
measure on the nature and extent of its superficial deposits. 

The chief limestone elements of the Jurassic rocks are: (1) the 
Portland beds which form the escarpment east of the ‘Wet Cham- 
pagne’ area; (2) the Corallian limestone, conspicuous in the Cétes de 
Meuse; and (3) the even more important Oolitic limestones which 
constitute the great scarps to the east (Fig. 11). 

On these highly jointed and permeable limestones, surface drainage 
tends everywhere to be restricted, and is completely absent over the 
higher parts of the uplands. Owing to the difficulty of obtaining 
water, settlement takes the form of large villages rather than of 
isolated farmsteads. 

Massive sandstones are not important rocks in the Paris basin, but 
soft sandstone and loose sand are found in many places. They occur 
at three levels in the older Tertiary succession of the Paris area, and 
are conspicuous in Hurepoix and around Fontainebleau. In addition, 
the Cretaceous rocks include, in the Argonne, a highly distinctive 
soft greenish sandstone called gaize. 

Clays play a minor role in the Tertiary rocks of the basin, though 
the argiles plastiques, at the base, cover extensive areas both to the 
north-east of Paris in the Laon-Soissons country, and to the south- 
east in the neighbourhood of Montargis and Sens. ‘Thinner clay beds 
throw out springs on the valley sides of the Seine and its tributaries 
around Paris. 

The Cretaceous Gault, and the Kimmeridge, the Oxford, and the 
Lias clays are important constituents of the eastern scarplands. The 
first named is the rock basis of ‘Wet Champagne’; the Oxford clay 
forms the cold wet soils of Woévre; while Liassic clays present closely 
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similar surface conditions east of the Moselle between Nancy and 
Metz. These great clay formations constitute vales, etched by river 
erosion between the limestone escarpments (Fig. 21). 

It should be noted that over all the limestone country, and 
particularly in the chalk areas, long-continued weathering has left 
residual clays on parts of the surface, e.g. the ‘clay-with-flints’ on 
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Fig. 10. The distribution of limon and associated deposits 
Based on the Atlas de France, plate 10 (1938). 


the chalk. These hold up surface water and give rise to soils almost 
as wet, cold and intractable as those of the great clay formations. 
Superficial Deposits include (1) residual clays on the limestones, 
(2) river alluvium, (3) terrace gravels, and (4) limon. This last deposit 
forms a very important feature (Fig. 10), and is a fine-grained loam 
of yellow or brown colour. ‘There can be little doubt that in most 
areas it originated as a wind-blown dust in phases of steppe climate 
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during and after the Ice Age. It is difficult indeed to explain the 
plateau spreads of limon in any other way, but, just as in Britain 
valley brick earths resemble those of the plateaux, so the limon of 
northern France occurs at lower elevations on the river terraces. 
In such cases it may possibly result from the redeposition of plateau 
limon by river action. The great importance of limon lies in the fact 
that it produces deep, readily worked soils that are admirable for 
the cultivation of cereals and root crops. Its presence transforms the 
surface of what would otherwise be grass-covered limestone upland 
into some of the best agricultural land in France. 


GEOLOGICAL STRUCTURE 


The greater part of the sedimentary rocks of the basin were deposited 
originally in horizontal sheets, but these have since been subject to 
gentle folding and faulting. These movements were contemporary 





Fig. 11. The escarpments of the Paris basin and Lorraine 
Based on F. Machatschek, Das Relief der Erde, p. 54 (Berlin, 1938). 


(1) Tertiary. (4) Upper Greensand (gaize). (7) Oolitic limestone. 
(2) Upper Chalk. (5) Portland limestone. (8) Lias. 
(3) Middle Chalk. (6) Corallian limestone. (9) Muschelkalk (Trias). 


The older rocks of the Vosges and the Ardennes are stippled. 


with the more violent Alpine folding farther south, and took place 
in mid-'Tertiary times. ‘To them may be attributed not only the 
general basin form of the rocks, but also the many minor flexures 
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which diversify the structure north of Paris. The structural lines of 
this northern tract are continued in the neighbouring parts of Kent 
and Sussex. The regions of Bray and Boulonnais present examples 
of sharp anticlinal uplifts denuded so as to reveal the rocks below the 
chalk (Fig. 20). 

The lengthy erosion of later Tertiary times reduced the whole of 
the basin to a surface of low relief crossed by successive bands of 
rocks of varying hardness. The present-day land-forms result from 
renewed river erosion caused by a more recent phase of general 
uplift. This is the origin of the remarkable succession of limestone 
escarpments and clay vales, which range from the main Tertiary 
edge south-east of Paris to the Oolitic scarp in Lorraine (Fig. 11). 
The chalk, the gaize of the Argonne, and the Portland, the Corallian 
and the Oolitic limestones form upturned edges, or escarpments, each 
overlooking a clay vale at the foot of its scarp to the east (Fig. 12). 

The drainage system responsible for this sculpture is constituted 
upon simple and orderly lines. ‘The Yonne, the Seine, the Marne, and 
their tributaries, form a family of streams flowing north-westward, 
transversely to the structure. The only large deviation from this 
simple pattern occurs in the Val de Seine above Montereau, where 
the Seine for nearly 70 km. follows the foot of the Tertiary escarpment 
as a longitudinal stream. This is the result of river capture; the 
Upper Seine and the Aube have been diverted by an affluent of 
the Yonne, leaving short beheaded trunks draining across the Brie 
plateau towards Paris (Fig. 13). 

Both to the west and the east of this regularly constituted river 
family, other deviations from the simple pattern are evident. The 
north-south portion of the Loire above Cosne is clearly a member of 
the same series, and at a relatively recent geological date its course 
continued northward across Gatinais to join the Seine below 
Montereau. From this original course it has been diverted westwards 
via Orléans and Tours (Fig. 13). The Meuse and the Moselle have 
successfully evaded the centripetal pull of the basin structure, and 
flow northwards. ‘The upper Moselle above Toul formerly joined the 
Meuse, but it now swings sharply north-eastwards, leaving an 
mportant gap west of Toul to mark its former crossing of the 
Corallian scarp (Fig. 14). Below this great bend the Moselle is a 
truly longitudinal stream, and its western tributaries have cut back 
through the Oolitic scarp and deprived the Meuse of a considerable 
drainage area. Similarly, west of the Meuse, the headstreams of the 
Marne and the Aisne have encroached upon the Meuse drainage 





Plate 4. The Toul Gap 


(See p. 26 and Fig. 14.) The Gap is utilized by the Marne-Rhine Canal and by 


the main Paris-Nancy railway. It is dominated by two ‘buttes’ of Corallian 
limestone, the Céte Barine (left) and Mont St Michel (right). 





Plate 5. The Seine at Andelys 


View taken from the Chateau-Gaillard, overlooking the town of Petit-Andelys. 
The convex (left) bank of the great river meander is an alluvial plain covered with 
meadows; the concave (right) bank is cut into the chalk plateau. 
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Orléans 





Fig. 13. Examples of river capture in the Seine basin 
(i) The Loire has been diverted westward, leaving the Loing to continue towards 
the Seine. (ii) The Upper Seine and the Aube have been diverted to form the 
Val de Seine, leaving short beheaded trunks draining towards Paris. 





Fig. 14. Examples of river capture in the basins of the Meuse and Moselle 
Redrawn from C. A. Cotton, Landscape, p. 78 (Cambridge, 1941). (a) The Bar 
has been beheaded and its headwaters (the Aire) now flow into the Aisne. (6) A 
former tributary of the Meuse has become the headwater of the Moselle. 

(See also Plate 4.) 
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area (Fig. 14); thus the Meuse has been deprived of major tributaries 
on both sides. 

This river sculpture, acting upon the original structure of the 
basin, has produced considerable diversity of relief in the Paris basin. 
It is convenient to consider this diversity under four main headings: 


(1) The central area. 

(2) The northern coastal plateaux and valleys. 
(3) The scarplands of the east and south-east. 
(4) The south-west or mid-Loire region. 


All four areas have their subdivisions, each defined by a certain 
uniformity of land forms, of soils, and of ways of life. But the unity 
of the basin is assured by the centrality of the city of Paris. 


THE CENTRAL ParIs BASIN (Figs. 17, 22) 


Beauce. ‘This typical pays between the Seine and the Loire is a 
plateau of very porous and much fissured limestone, several hundred 
feet in thickness (Fig. 15). Its physical features are monotonous in 
the extreme; for mile upon mile between Versailles and Orléans, or 
between Chartres and Pithiviers, the level surface continues un- 
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Fig. 15. Diagrammatic section of the country south and east of Paris 


(4) Sands and marls. (8) Miocene deposits. 
(3) Limestone (Eocene). (7) Beauce limestone. 
(2) Sands and clays. (6) Sands. 

(1) Chalk. (5) Brie limestone. 


relieved by hill or dale. No river has to be bridged; trees are rare. 
Miles of perfectly straight roads, unfenced and well surfaced, connect 
the large villages within Beauce with the marginal towns. 

Despite the monotony of the landscape there is an air of agricultural 
prosperity and well being, for the Beauce limestone is covered almost 
everywhere with limon. Although not of great thickness, this limon 
provides an ideal soil for grain and beet cultivation. Moreover, the 
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friability of the soil and the level nature of the land are favourable 
to large-scale tillage with plough or tractor. Beauce is one of the 
granaries of Paris; ‘valuable as a farm in Beauce’ is a saying in 
France (Plate 6). Some small, waterless areas, mainly in the south- 
west, where the limestone is not covered with limon, remain untilled 
as heathland. 

Brie. This region between the Marne and Seine slopes gently 
towards Paris from the Tertiary scarp on the east and south. The 
plateau is deeply cut by the east-west sections of the Marne, the 
Grand and Petit Morin, and the Yéres, into a number of rectangular 
blocks. To the south and west it is bounded by the valley of the 
Seine. 

The Brie limestone contains bands of tough millstones (meulteres) 
which figure as large fragments in the surface mantle of residual clay; 
only in the south does unaltered limestone appear on the surface, 
and even here it is largely covered by limon. The clays of the north 
(Brie humide) contrast with the drier limestone areas of the south 
(Brie pouilleuse), and fairly extensive woods are found in the north 
and east. Agriculture is varied—wheat and sugar beet on the limon- 
covered parts of the plateau, dairy cattle on the clay lands and valley 
floors, and sheep on the dry limestone soils. 

Valois and Sotssonnais. ‘Tertiary limestone plateaux continue north 
of the Marne to the Oise and beyond to the country around Laon. 
With the exception of the river valleys there is no perceptible change 
in height between Valois and Soissonnais. Immediately north of 
Villers-Cotterets, an east-west ridge (255 m.) runs across the plateau 
of Valois, and this may be taken as the physical boundary between 
Valois on the south and Soissonnais. ‘This sandstone ridge, cut into 
two by a north-south tributary of the Ourcq, is densely wooded—in 
marked contrast with the surrounding arable plains. 

Sotssonnais is a plateau of massive Eocene limestone through which 
_ the Vesle, the Aisne, and the Lette have cut down into the lower sands 
and clays, forming broad, flat, alluvial valleys (Fig. 16). Erosion is so 
advanced around Laon that parts of the plateau are now separated from 
the main mass and form isolated hills, on one of which the city of Laon 
itself is built. Although limon covers the plateau limestone, the great 
problem here, as in Beauce, is water supply. Settlements avoid the 
swamp lands and are alined along spring lines on the sides of the 
valley at the junction of the sands and clays. Farms and villages are 
frequently located on the valley slopes with their arable lands on the 
upland plateaux; below are the valley floors, often marshy and 
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frequently flooded. The towns of Laon and Soissons are the centres 
of rich farmlands and command important routes from Paris to the 
north-east frontier. 

The valleys of Valois are steeper and narrower than those of ~ 
Soissonnais. The surface of the plateau is a fresh-water limestone, 
also covered with limon, so that settlement and farming are very 
similar in type to those of Soissonnais. But the valley floors have 
seldom reached the lower sands and clays beneath the limestone, and 
the sides of the valleys retain the steep and narrow characteristic of 
limestone regions. The plateau of Valois increases in elevation 
eastwards, and its eastern rim, overlooking the ‘Dry Champagne’ 
country, reaches an elevation of 280 m. 





Fig. 16. Block diagram of a valley in Soissonnais 


Based on A. Cholley, etc., La France, p. 91 (Paris, n.d.). In Soissonnais, the rivers 
have cut through the Eocene limestone into the lower sand and clays, thus forming 
broad, flat alluvial valleys. 


Falaise de I’ Ile de France. 'This Tertiary scarp is the eastern rim 
of the Tertiary rocks in the central Paris basin. It is a marked 
physical feature stretching in a continuous curve from the Oise valley 
across the Marne, to the north of the Seine as far as Montereau. 

The scarp is highest in its central section south of Reims (over 
250 m.), where it is called ‘The Mountain of Reims’. On the lower 
slopes, between Reims and Epernay, are the famous Champagne 
vineyards. Here, too, are found the customary spring-line villages 
so characteristic of this type of country. South of Epernay, on the 
Marne, the scarp edge continues as the ‘Céte Champenoise’. 
Numerous lakes and pools lie upon its clay-covered dip-slope north 
of the River Petit Morin. For a distance of 40 km., the Seine flows 
at the foot of the scarp which is now much lower, rarely exceeding 
200 m. and decreasing to about 100 m. farther west. Three miles 
below Montereau, the Seine, like the Aisne and Marne, cuts through 
the scarp transversely towards Paris. 
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The Seine Valley from Montereau to the Oise. At Montereau, 
250 km. in a direct line from the English Channel, the Seine is only 
50 m. above sea level, but it flows through plateaux which average 
about 150m. in height. Its direction is parallel with that of the 
Tertiary folds of Picardy and Artois, and may owe something to 
structural guidance. Although the valley is deeply entrenched within 
the limestone uplands, it is fairly broad, for the river has reached 
the soft sands and clays that lie below the limestones of Beauce and 
Brie. Large forests—Fontainebleau, Rambouillet, St Cloud—cover 
the sandy slopes below the limestone plateaux; on the clays there are 
marshes and pools, but the better soils carry pasture and root crops. 

In the neighbourhood of Paris, the plateaux of Beauce, Brie and 
Valois close in upon the valley of the Seine, causing a convergence 
of the routes along the tops of the plateaux from south-west, east and 
north-east. The Ile de la Cité at Paris facilitated the bridging of the 
river, and waterways enhanced the value of the crossways site. These 
general facts go far to explain the early importance of Paris. Constant 
dangers from river floods in the past have been eliminated by the 
construction of concrete dykes which serve also as quays. Above 
Paris, the alluvial floor of the Seine valley has become a rich dairying 
area—an extension of the neighbouring Brie. Below the city, the 
Seine begins its series of elaborate meanders. Marshes once bordered 
the course of the river, but these have been drained, and modern 
factories and artisan housing estates cover the reclaimed land; 
industrial works now extend downstream along the banks of the 
Seine as far as the Oise. 

The Oise Valley. A little above La Fére, the Oise enters the central 
Tertiary region. Rising in the impermeable old rocks of the Ardennes, 
it flows north-west across the chalk hills of Thiérache, and then 
turns sharply south-west down the dip-slope of the chalk towards 
the Seine, providing an important route from the Paris basin into 
Flanders. 

The Oise valley below La Feére, as well as the valleys of its left-bank 
tributaries, the Lette and the Aisne, are wide with gentle lower slopes, 
for they have eroded into the sands below the Eocene limestone. 
The higher valley slopes, however, are steep owing to the presence 
of this limestone which forms the plateau summits. Below Com- 
piegne, the valley floor, now more than 8 km. wide, lies upon a 
bed of impermeable clay and resembles an English parkland with 
woods and meadows. Drainage has restricted the extent of the 
marshes that once covered much of the area, but marsh still remains 


GEOLOGY AND PHYSICAL GEOGRAPHY 


32 


QI ‘Sty 03 Aay [eoIsoTOe+) ) 


‘(QI ‘BIJ YIM oIedur0d) sosseu Ioplo 94} Jo oBpa sy} Jo UOTIVOIpUT 
syoo1 o1tURID pozijeioues v soprAoid ouly YOIy) 9Y,], ~popBwys SI [aAI] BAS BAO ‘UI COI I9AO pue’T 


gouvly UIeyIIOU Jo SuOTSe1 oy, “LI “SIT 


syooi sandniq 


uvLIquIvsd-a1g 


UBIIQUIBD SUBIDIAOPIC 
‘UBIINIIS {uBIUOAING 
‘snolajITuoqiesd JaMo’yT 


‘SNOIIFIUOGIeD 


Jedd pue eIpprAl 
‘UBIUIag 


SPIT], 
orssein f 
SN0998j9IZ) JAMOT 


snosov3e1Zg 1oddq, 


(aus0074q ‘9u90081[0) 
AzeiyaT, Jeplo 


(ausd01jAy ‘suad0I]g) 
AVIVIIT, JAMIN 
: Areusoyen? 





33 


THE PARIS BASIN 


Joddq oy} {poyeorpur st oisseinf Jamo7yT: pue reddy 9y} UseMmjoq Aepunog ayy, *(6£61 ‘stieg) 4 
s0uvIy UIsYy OU Jo ASOjOIS BUT, “QI ‘SI 


LES 


ACR ¢ 
Sea 
Sio/iurn yf 


p Lf. 
Wace 


f, TP 
ty 
fs => 


i ert SO ee a 


N 
— cy 
ral 
Ss 





*JSOM 9} 0} OI] SUOTJBUIIOJ 
o1ejd ‘aIupAy ap svj1f7 94} UO paseg 


oe ! 
A Ge 


GH (France 1) 


34 GEOLOGY AND PHYSICAL GEOGRAPHY 


to the north of Pont Ste Maxence and in the swamp of the Lys. 
On the eastern bank, a limestone escarpment runs from Pont Ste 
Maxence to Chantilly, Luzarches, and Beaumont-sur-Oise. ‘This 
escarpment is capped with infertile sands to the west of Senlis and 
is covered by vast forests that continue northward into the clay 
forests of Compiégne on the valley floor. They stand in marked 
contrast to the rich arable plains of Valois and Soissonnais to the 
east where the sands give place to limon. ‘The northern side of the 
Oise valley below Compiégne is also a forested region, but, farther 
west, this forest is replaced by the rich agricultural plateau of Vexin. 
Like the Seine below Paris, the valley of the Oise below Compiégne 
has become increasingly industrialized, as a result of cheap trans- 
port along the canalized river, of excellent rail facilities, and of its 
intermediate situation between Paris and the coalfields of the north- 
east. 


THE NORTHERN PaRIs BASIN (Fig. 17, 22) 


West of the Seine. Here, the chalk is covered by limon, and the 
general character of the plateaux of Neubourg and St André is very 
similar to that of Beauce. Stretches of open level country (140-180 m.) 
are broken only by a few deeply entrenched valleys whose rivers flow 
from their sources in Perche either to the Seine or to the sea. The 
scenery changes towards the bocage of Perche in the south, where 
the land becomes higher (250-315 m.) and where limon gives place 
to clay-with-flints. , 

The valleys of the Rille, the Eure, and the Iton are steep-sided, and 
their floors lie some 100 m. below the surface of the plateaux. The 
scenery is more varied, with woods, meadows and ploughed fields. 
Population is more widely scattered, and the villages and towns, 
especially in the Eure valley, have been influenced by the proximity 
of the textile region of Rouen. 

The Lower Seine Valley. Below its junction with the Oise, the 
Seine continues to flow in a series of deeply incised meanders some 
100m. below the coastal chalk plateaux. Modern factories now 
occupy some sites along the valleys both of the main river and of some 
of its tributaries. The upper slopes are still covered by forests. Below 
Rouen, the large sweeping meanders continue, but the valley widens 
rapidly towards the sea. ‘The alluvial flats have been drained and the 
river channel is confined within dykes. The surrounding countryside, 
flat and alluvial, is a rich agricultural area of mixed farming, and 
reclamation has increased the extent of the pastureland (Plate 5). 
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Vexin. From the northern bank of the lower Seine, the chalk 
plateaux of Caux and Vexin rise in an abrupt and much broken slope. 
Vexin lies inland; Caux borders the English Channel. The Vexin 
plateau is highest on the north-east where it overlooks the Thérain 
valley from heights of 200 m. he Andelle and the Epte flow down the 
slope of the Bray anticline (Fig. 19) to join the Seine in deep valleys. 
The sides of the Oise and Seine valleys are steep, sometimes showing 
steps and terraces that mark harder bands of rock. Vexin was the 
frontier region between Normandy and France in the early Middle 
Ages, and its border character is perpetuated in its division into 
‘Le Vexin normand’ and ‘Le Vexin francais’, and in the number 
of its ruined castles. The surface of the plateau, although cut into 
compartments by deep river valleys, is very similar in topography, 
settlement, and human activities to the other limon-covered ‘cam- 
pagne’ lands. 


R. Bethune 





Fig. 19. Block diagram of the Pays de Bray, looking north 
Based on E. de Martonne, Traité de Géographie Physique, vol. 11, p. 773 (1926). 


(3) Middle Jurassic sands and clays. (6) Cretaceous (chalk). 
(2) Portland limestone. (5) Cretaceous (chalk marl). 
(1) Kimmeridge clay. (4) Gault clay. 


Pays de Caux. ‘This is a compact area between 150 and 200 m. 
above sea level. Its level surface, practically treeless and hedgeless, 
is somewhat relieved by broad shallow depressions. The chalk is 
covered by a thick deposit of limon, and both arable farming and 
sheep rearing are important. Towards Rouen, the right-bank 
tributaries of the Seine have eroded deep and narrow valleys whose 
upper slopes are covered with clay-with-flints and still remain clothed 
in forest. The steep gradients of these short streams attracted textile 
industries during the nineteenth century, and the small towns of 
Cléres, Pavilly, Bolbec, St Romain, and Montivilliers lie at the heads 
of industrial valleys that connect the Seine valley with the plateau. 


3-2 
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Pays de Bray. 'This region illustrates in a striking fashion the close 
relation between land forms and geology. Its structure is a small- 
scale replica of the Weald, for it is essentially the heart of a de- 
nuded anticline trending from north-west to south-east (Figs. 19, 20). 
The chalk has been removed from the central portions of the anticline, 
but it still forms steep escarpments on north-east and south-west 
(230-240 m.). Clays and sands at the base of these chalk scarps have 
been carved into a labyrinth of well-watered ravines, but they are 
separated by a central hill mass of Portland limestone that reaches 
heights of over 230 m. The entire landscape of Bray differs from that 
of Caux and Picardy. It is a bocage of woodlands and meadows, 
with flowing streams and abundant drainage on its clay soils. Along 
its depression runs the main route between Paris and Dieppe. 

Picardy. 'This is a wide chalk upland (200 m.), divided into separate 
blocks of country by the river valleys of the Somme, the Authie, and 
the Canche. For the most part the chalk is covered either by limon 
or by clay-with-flints. The landscape is monotonous, unrelieved 
by trees or streams. ‘There are, however, many small dry valleys, in 
addition to the main valleys of the Somme, Authie, and Canche. 
The limon-covered areas are intensely cultivated despite the 
difficulty of water supply; wells have to be sunk to depths as great as 
8o m. in order to reach the water-table in the chalk. 

The clay-with-flints area of north-western Picardy presents a very 
different type of landscape. Here, the country is more undulating; 
surface streams are more numerous; and there are still large expanses 
of forest. Such are the upland districts of Vimeu and Ponthieu 
bordering the estuary of the Somme. Between the Bresle and Authie 
rivers the plateau ends coastwise in fairly steep cliffs bordered by 
the marshy coastal plain of Marquenterre. This is being reclaimed 
on somewhat similar lines to the hortillons of the Somme valley 
(p. 37), but its greatest prosperity lies in its bathing beaches with 
wooded shady hills that lie behind an artificial sea front. 

The traveller in Picardy is at once impressed by the sudden and 
complete transformation in landscape and occupations between the 
upland and the valleys. The largest of these valleys is that of the 
Somme, which from its source, on the chalk ridge of Artois at about 
70m. above sea level, follows a winding course to Amiens. Here, it turns 
north-west and flows to the English Channel through a gradually 
widening, flat-bottomed, marshy valley, which, when viewed from 
above, seems to be one huge forest. Tall poplars and thick willows 
conceal the wide meanders of its slow-flowing river. The marshes 





Plates 7 and 8. Two aspects of the chalk plateau of Artois 


Plate 7, near Auxi-le-Chateau, shows a broad cultivated expanse seamed by dry 
valleys, and with but few trees. Plate 8, near Lillers, shows an area in which the 
chalk is covered with clay-with-flints; the soils are less fertile, woods and un- 


cultivated land are more frequent. 





Plate 9. The Boulonnais 


View near Wimille, shows a gently undulating !andscape of hedged fields, not unlike 
the bocage of Normandy. 








Plate 10. The Pévéle 


Part of the clay plain of Flanders, south-east of Lille; flat or very gently undulating 
country with scattered woods, cultivated fields, villages and hamlets. 


THE PARIS BASIN a7 


are crossed by a labyrinth of drainage channels encircling islands of 
peaty soil in the valley floor, which have become areas of market 
gardens (hortillons) reached by their cultivators in flat-bottomed 
boats. No dwellings are found in these marshy areas; but villages are 
numerous where springs break out at the foot of the steep valley sides. 
The upper basin of the Somme is one of the historic gateways in 
France leading from Paris into Flanders. The gap is only 140 m. 
above sea level, and the sources of the Somme and the Scheldt are 
but 12 km. apart. 

Artois. From south of Arras to Boulonnais, the hills of Artois 
(150-200 m.) extend for some 25 km. along a complex anticlinal 
uplift. Their average width is 8 km. in the south-east increasing to 
nearly twice this distance on the borders of Boulonnais. They are 
composed of chalk covered with limon; clay-with-flints is generally 
absent. Like the other encircling rims of the Paris basin, they slope 
gently inwards towards the centre of the basin; their slope towards 
the Flanders plain is much steeper. Streams flow down these slopes 
towards the Canche and Authie on the south-west, and towards 
Flanders on the north-east, but some stretches of river run at right 
angles to this general direction and parallel to the crest of the ridge. 
Instead of broad, flat-topped plateaux as in Picardy, river erosion 
has produced a hill-and-dale relief. Although some of the valleys 
are dry, water is more plentiful than in Picardy, and the population 
is, on the whole, more evenly distributed (Plates 7 and 8). 


Armorican Flanders 
Massif Plain 


Boulonnais 


Céte du Bray 
Pays d'Auge 
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| 
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foa4 Jurassic = Lower Cretaceous RSJ Upper Cretaceous one Tertiary 

Fig. 20. Diagrammatic section of the northern Paris basin 
Based on A. Cholley, etc., La France, p. 77 (Paris, n.d.). The length of the section 
from south-west to north-east is about 300 km. 

Boulonnats. This area is the direct structural continuation of the 
English Weald and has the land forms of a denuded anticline (Fig. 20). 
A chalk escarpment, rising to elevations of 180-200 m., forms an 
amphitheatre around the basin of Boulogne which is called by its 
peasantry the ‘ditch’ (la fosse). Here is an undulating country of 
green meadows and woods in contrast with the bare, level, and dry 
chalk plateaux that encircle it. Boulonnais, however, is not a flat- 
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bottomed depression so much as a series of vales and intervening 
ridges that result from differential erosion of parallel outcrops of 
clays, sands, and limestones of Cretaceous and Jurassic age; even some 
older rocks, including coal measures, are present. ‘The rivers Liane, 
Wimereuse, and Slack have eroded their valleys into the softer clays 
and sands, whilst the intervening heights (e.g. Mont Lambert 
(188 m.) near Boulogne, and Cap Gris Nez itself) are almost equal 
in height to the surrounding scarps (Plate 9). 

The clays at the foot of the chalk escarpment form typical bocage 
country with woods and meadows; on the Jurassic limestone there 
is a downland with short grass, while heath and gorse flourish on the 
old rocks of the Marquise district. Where the clays reach the coast 
there are salt marshes, fringed with sand dunes, as at Wimereux 


(Plate-52). 
THE EASTERN PaRIs BASIN (Figs. 22, 24) 


The Dry Champagne Plain (Champagne Pouilleuse). From the top of 
the vine-clad slopes that border Epernay and Reims (p. 30) the view 
eastward is across a vast and monotonous level which resembles 
Salisbury Plain in its desolate and wind-swept horizons, and in the 
absence of streams over miles of country. This bare chalk country 
has an average elevation of 150 m., and stretches, in a curve some 
50 km. wide, for a distance of over 150 km. It is bordered to the 
west by the Tertiary scarp of the Ile de France, and to the east its 
edge overlooks waterlogged plains of Gault clay that offer a most 
complete contrast to the chalklands. The only important changes in 
relief occur where the transverse streams of the Seine, the Aube, the 
Marne, and the Aisne have cut deep valleys. The nakedness’ and 
aridity of this chalk upland contrasts with the fertility and prosperity 
of Picardy, and the cause of the contrast lies in the almost complete 
absence of limon. ‘The land was formerly left fallow year after year, 
and the sheep that grazed on the sweet but scanty grass provided 
the most reliable source of income. Attempts at arable cultivation 
have generally failed, though in recent years there has been a note- 
worthy increase in the area under fodder crops. Large belts of 
pinewoods, recently planted on the drier ridges, now break the 
monotony of the landscape. | 

The river valleys are oases of fertility in such a land. As they flow 
through the permeable chalk they receive a regular supply of water 
from springs on their valley slopes, and they meander sluggishly over 
their broad valley floors, eroding little, and forming a network of back- 
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waters and oxbow lakes. Meadows and pasturelands border the 
river and marsh; villages are alined at the foot of the chalk slopes 
beyond reach of flood waters. On the upland itself permanent 
settlement is rare. 

Pays d’Othe. This is the southern continuation of Champagne 
Pouilleuse. It is a compact rectangular area some 56 km. square, 
divided by the River Vanne into two tracts that are in striking . 
contrast. The southern half is occupied by a chalk escarpment that 
rises abruptly some 150 m. above the clay plain of ‘Wet Champagne’. 
Its underlying rock is partly concealed by sandy clays, relics of the 
former cover of Tertiary beds. Here is the Forét d’Othe, extending 
along the crest of the ridge for over 20 miles. Deeply entrenched 
valleys have been eroded in these Tertiary sandy clays; some are 
dry or have only an intermittent flow during the summer, but the 
majority are well watered with springs that line the valley sides. ‘The 
abundance of spring and well water in the Forét d’Othe has given 
Paris one of its most important sources of supply. This southern 
area may be summed up as a dissected upland of wooded spurs and 
deep valleys. 

The northern half of the Pays d’Othe lies on the lower part of the 
chalk dip-slope below the Tertiary escarpment to the west. Patches 
of Tertiary sands and clays still cover the higher ground, but in the 
east. and north the bare chalk is exposed, and surface drainage 
disappears almost entirely. 

Gatinas. 'The chalk belt continues west of the Pays d’Othe into 
Gatinais, but the Tertiary covering is here more considerable and 
includes wide stretches of clay, giving a cold and waterlogged soil. 
Numerous pools, shallow lakes and bogs persist despite recent 
intensive reclamation. ‘The country is well wooded but clearing is 
gradually increasing the pasture and crop area. The river Loing, 
which rises in Puisaye to the south, drains the GAtinais to the Seine 
- and has cut down to expose the fertile marls of the Lower Chalk 
along the slopes of its broad valley. 

The Wet Champagne Plain (Champagne Humide). This is the belt 
of Gault clay that rises from beneath the chalk outcrops of Cham- 
pagne Pouilleuse and Pays d’Othe to the west. Its width varies from 
about 18 to 30 km. Its valleys, with gentle slopes and flat alluvial 
floors, were once covered with forests and swamps, but now these 
have become some of the most prosperous dairying and mixed farming 
regions in France. Perthois, the broad alluvial expanse built up by 
the Marne and its tributaries, is the largest and most fertile of these 
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alluvial plains. Away from the valleys, forest, lake, and swamp still 
cover most of the region. 

Puisaye. The Gault clay of ‘Wet Champagne’ continues into 
Puisaye, but here important outcrops of Greensand form two distinct 
sandstone ridges. It is higher country than ‘Wet Champagne’ 
(200-400 m.), and this greater height, combined with its more varied 
relief, gives the claylands of Puisaye a more abundant and better 
developed surface drainage. There are no large areas of swamp and 
marsh as in Gatinais, Sologne, or in ‘Wet Champagne’. The land- 
scape may be described as bocage—a well-watered country of woods 
and pasture, where pastoral farming is more extensive than cereal 
cultivation or vine growing. 

Argonne. Following in a northward direction there is a surprising 
change of landscape. The flat, swampy plain of ‘Wet Champagne’ 
is replaced about Thiaucourt by a continuous ridge clothed in thick 
forest. ‘This is the Argonne upland rising to 300 m. and forming a 
barrier between the basins of the Aisne and the Meuse. It divides 
the Champagne plain from Lorraine, and forms one of the most 
important lines of defence in the Paris basin. 

Argonne is a much-broken plateau, about 12 km. wide, formed of 
a greenish white clayey sand (gazze) equivalent to the English Upper 
Greensand. On the gazze there is no lack of surface water; its 
numerous rivers have cut a multitude of V-shaped valleys separated 
by steep ridges. Thick forests are found both on the ridges and the 
valley sides; the valley floors are narrow, marshy, and full of dense 
undergrowth, East-west communication is difficult. North-south 
routes, such as they are, keep to the drier heights and avoid the 
valley bottoms. 

The eastern scarplands. ‘The eastern part of the Paris basin is 
Jurassic country in which limestone escarpments alternate with clay 
plains (Fig. 21). The various Jurassic outcrops, emerging as a narrow 
belt between the chalk edge and the Ardennes (p. 54), broaden south- 
ward to form the scarplands of Lorraine. 

Liassic clays underlie a considerable tract east of the Moselle 
between Nancy and Thionville. Soil conditions favour grassland, 
though arable fields are widely scattered. But although sugar beet 
and other root crops have latterly increased in acreage, there has been 
a strong tendency, as on heavy soils in Britain, for grassland farming 
to displace crop raising. 

The Oolitic escarpment (Cétes de Moselle) rises to heights of 
300-400 m. immediately west of the Moselle. Left-bank tributaries 
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of that river have strongly dissected the eastern edge of the limestone 
plateau, so that the escarpment is extremely irregular in plan. Out- 
lying masses of limestone occur east of the Moselle near Nancy and 
north of Pont-a-Mousson. Below these, and resting on the Lias, 
are the beds containing the iron ore which provides the raw material 
for the Lorraine metallurgical industry. The western slope of the 
Oolitic escarpment varies in width from 8 to 40 km. Its higher part 
is thickly wooded as in the Forét de Haye west of Nancy. On its 
lower slopes, cultivation and settlement are possible, subject to the 
difficulty of obtaining water from far below the surface. 


Cétes de Meuse Cétes de Moselle 
Barrois Woevre 
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Fig. 21. The eastern scarplands of the Paris basin 
The Jurassic escarpments are as follows: 


(2) Oolitic limestone. (4) Portland limestone. 
(1) Liassic limestone. (3) Corallian limestone. 


The strata intervening between the limestones are clays and shales. There is a belt 
of iron-stone at the base of the Oolitic limestone. 


To the west, at the foot of the Oolitic dip-slope, lies a belt of Oxford 
clay which constitutes the highly distinctive region of Woévre. Its 
general surface level is about 200m., and it presents geological 
conditions closely comparable with those of the Lias clay in the 
Moselle valley. Woodland is widespread and there are many ponds 
and lakes. A dense network of small streams carries the surface water 
eastwards to the Moselle in the centre and south, but the northern 
part of the plain drains to the Chiers and so to the Meuse. The 
population of this wet, and once marshy, land is sparse; its villages 
are small and widely separated. Considerable areas have been 
drained, however, and cereal crops are successfully grown. 

Farther west still comes the Corallian limestone escarpment (Cotes 
de Meuse), which exceeds 400m. in places and which is more 
extensively wooded than the Oolitic scarp. The most remarkable 
feature of the area is the longitudinal course of the Meuse which 
bisects the western slope of the limestone in a meandering gorge. 

To the west of the Corallian escarpment lies the Barrois region. 
Kimmeridge clay is but feebly developed here and forms an outcrop 
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only 4-5 km. wide or less. It gives rise therefore merely to a slight 
trench in front of the Portland limestone edge to the west (Fig. 21). 
The latter, here, is a relatively subordinate feature which rarely 
exceeds 300 m. 


THE SOUTHERN PARIS BASIN (Figs. 22, 24, 29, 32) 


The Southern Furassic Lands. 'The concentric scarps of Barrois and 
Lorraine are continued into the south-eastern part of the Paris basin. 
Portland limestone and Kimmeridge clay are represented in narrow 
scarp-and-vale belts in the neighbourhood of 'Tonnerre and Auxerre, 
which occupy gap-sites somewhat similar to those of Bar-sur-Seine, 
Bar-sur-Aube and Bar-le-Duc in Barrois. Then, to the east, follows 
the outcrop of Corallian limestone which is such a marked feature 
in western Lorraine. This limestone belt stretches from the upper 
valley of the Meuse in a south-westerly direction to the Loire at 
Cosne. Farther east still, an Oxford clay vale extends in a narrow belt 
of low relief from Neufchateau on the Meuse to Chatillon on the 
Seine and to Nuits-sous-Raviéres on the Armancon. This narrow 
strip of clay-land is bordered to the south-east by the great mass of 
Oolitic limestone that forms the plateau of Langres. 

The Langres plateau is an upland, 300-500 m. high, connecting 
the Morvan with the Vosges. Its Oolitic limestone is exposed along 
the crest of an anticline whose southern limb has been broken by a 
number of faults. South of the River Ouche the upland continues as 
the heights of the Céte d’Or. 'The main features of this limestone zone 
are steep slopes facing the Sadne plain, and the dry but densely 
wooded uplands on the northern dip-slope. As in Lorraine, minette 
iron ores have been worked both in the plateau of Langres and in the 
Oolite exposures in Nivernais to the west of the Morvan. 

This Oolitic limestone country is diversified by areas of clay. Some 
of these have been formed by the erosion of the limestone which has 
revealed the underlying Liassic clays and marls. In the north lies the 
clay land of Bassigny; in the centre the Lias clay has been exposed in 
strips where the tributaries of the Seine and the Aube have eroded 
into the plain. To the south there are outcrops of Lias clay flanking 
the old rocks of the Morvan; here are the regions of Auxois, of 'Terre 
Plaine and Bazois. 

Sologne. ‘The land between the Central Massif and the great 
curve of the Loire from Nevers to Saumur is for the most part a 
plain, 100-200 m. in height. Only in the hills of Sancerrois and in 
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the ridges of the extreme south are there heights of over 250 m. 
This plain is in marked contrast with the scarplands and high plateaux 
east of the Loire. 

Sologne (100-130 m.) is the northern part of this plain. The 
underlying rock is chalk, but this is everywhere covered by upper 
Tertiary (Miocene) sands and clays, and is only exposed on the lower 
slopes of the wide valleys that have been eroded by the rivers through 
the Tertiary cover. The impeded and stagnant waters, together with 
_ the cold waterlogged clay soils, have made the Sologne a region of 
poverty and difficulty. Its surface is covered with shallow lakes, 
ponds and marshes, and, despite considerable drainage, this area 
still remains one of the least populated parts of France. Reafforesta- 
tion with pines, birch, and oak has modified the surface in parts, 
more especially on the sandy soils, but wastes of gorse and bracken 
predominate. 

In the south, beyond the river Sauldre, the clayey sands are 
replaced by gravels or by clay-with-flints, and this country is known 
as ‘Stony Sologne’. Ponds and pools are less numerous and the 
poor soils are more easily improved by the addition of lime and 
phosphates obtained from the adjoining limestone areas. During dry 
seasons, the beds of the rivers become intermittent pools, owing 
partly to the seepage of water into the underlying chalk. 

Sancerrots. North of the plain of Berry, an upland of Portland 
limestone rises steeply to over 400m. It slopes to the plain of 
Sologne, and the Portland limestone on this dip-slope is succeeded 
by outcrops of Gault clay and of chalk, but on the latter there are 
deposits of clay-with-flints and remnants of Eocene beds. As a 
result, these are typical claylands with abundant surface drainage, 
with stiff and stony soils, and with great forests. As in the Sologne, 
the chalk is exposed only along the sides of the river valleys, and it 
is on these warmer and richer soils (ferres chaudes in contrast to the 
_ terres froides of the claylands) that vines and fruit trees replace 
forests of oak and birch. 

Champagne berrichonne (Berry). ‘This is a moderately level plain 
lying some 150-200 m. above sea level. Its rocks dip towards the 
north and north-east; limestones, Oolitic in the south and the 
Corallian in the north, outcrop in wide belts, but the intermediate 
clays are thin and are occupied by narrow valleys. Generally 
speaking, it is a country of rich loamy soils and prosperous agriculture. 
The upper valleys of the Indre, the Cher, the Allier, and the Loire, 
lead south into the Central Massif. All lines of communication in 
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the area centre on Bourges, a town of some 40,000 inhabitants, 
situated near the ‘geometrical centre’ of France. This central 
situation, together with its location on the open limestone route from 
north-east to south-west across the middle of France, accounts for 
its early prominence. | 

Brenne and Boischaut. 'These two districts mark the transition 
from the plains of Berry to the high crystalline plateaux of Limousin. 
The transition in relief is gradual, but the contrast in scenery and 
vegetation is at once apparent. Much of the area is occupied by 
Jurassic limestone covered, in part, with a thick deposit of impervious 
clayey sands. Brenne is a level plain rising up to 200 m. above sea 
level; its surface is studded with shallow lakes, ponds and marshes, 
surrounded with birch and oakwoods and peaty moors. Bozschaut lies 
nearer the Central Massif and is hummocky and undulating in 
character. As its name suggests, it is well wooded though there are 
stretches of moorlands (brandes) and barren wastes (varennes) in 
addition to areas of mixed farming. The main centres of settlement 
lie along the river valleys that cross both regions. 

The Vallée Noire (Black Valley). After emerging from the Central 
Massif, the Loire flows northward across a westward extension of 
the narrow Liassic clay belt of Bazois and Nivernais (see p. 78). 
This stretch of the Loire valley is known to its inhabitants simply 
as the Vale (‘Le Val’), and it has been made famous as the setting 
of the pastoral scenes in many of George Sand’s novels. 

The Valleys of the Loire, Cher, Indre and Vienne-Creuse. From 
Nevers to Saumur along the valley of the Loire is a distance of over 
300 km. In all this distance, the river flows across the limestones, 
sands and clays of the Paris basin. The floor of the valley lies some 
100-120 m. below the bordering plateaux, and its width varies from 
4 to 10km. becoming much wider in Touraine where the Cher, 
Indre and Vienne join the main river. It has become an important 
artery of modern communication, although it is of somewhat dubious 
value as a waterway owing to its meandering course and its fluctuating 
seasonal level. The valley was formerly subject to serious floods and 
to frequent changes in river course. Reclamation has changed this, 
and the valley floor is now a rich farming area with vineyards, 
orchards, arable fields and meadows. 
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THE EASTERN FRONTIER ZONE 


The eastern frontier of France runs from a point about 9g km. east 
of Dunkirk across the Flanders plain in a south-east direction for — 
- about 160 km. For another 300 km. to the confluence of the Lauter 
with the Rhine, the frontier crosses the old mountains of the Ardennes 
and the Rhenish massifs. The Rhine itself forms the boundary for 
a further 160 km. upstream to within a short distance of Basle in 
Switzerland. The borderlands fall into three main structural and 
physical units, which can be further divided into sub-regions as 
follows: 


A. The Rhine borderlands. 


(1) The Lorraine plateau and plain. 
(2) The Vosges. 

(3) Alsace. 

(4) The Belfort Gap. 


B. The Ardennes. 
(1) The plateau (and Meuse valley). 
(2) The foot-hills. 


C. Flanders. 
(1) The coal field. 
(2) The plain of Flanders. 
(3) The maritime plain. 


The Lorraine plateau and plain (Fig. 24) 


This area, between the Cotes de Moselle and the Vosges, consists 
of two portions—a northern plateau and a southern plain, although 
the average elevation of the latter is greater than that of the former. 
In both, a regular sequence of Mesozoic strata is found; they include 
- sandstones, clays and limestones. ‘The outcrops of these rocks occur 
in parallel belts running from north to south. Many large rivers, 
rising in the Vosges upland, cross the various outcrops only to become 
united in the great south-north drainage system of the Moselle. 

The Lorraine plateau is an undulating clayland with wide river 
valleys and flat-topped ridges. The river Seille drains the southern 
part of the plateau to the Moselle at Metz whilst the sluggish Nied 
flows north to the Sarre. East of the clay belt there is a limestone 
upland some 8-15 km. wide. This limestone has produced a broken, 
undulating type of country (350-400 m.) drained northward by the 





Fig. 24. The regions of eastern France 


Land over 250 m. above sea level is shaded. The thick line provides a generalized 
indication of the edge of the older masses (compare with Fig. 25). For the four 


Alpine zones, see pp. 96-102. 
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Fig. 25. The geology of eastern France 
Based on the Atlas de France, plate 7 (Paris, 1939). In the Paris basin the boundary 
between the Upper and Lower Jurassic is indicated; the Upper formations lie to 
the west (see also Fig. 23). In the Jura, the two series are so intermingled that a 
broad distinction is impossible on the map. 
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Sarre river. Beyond the French frontier the Sarre flows over 
Carboniferous rocks. Both in the Sarre valley and in the valley of 
the upper Seille, to the west, the mining of ‘Triassic rock salt is an 
old industry which still provides the raw materials for the chemical 
industries of Lorraine. 

To the south, the average elevation of the plain of Lorraine is well 
over 300 m. above sea level. ‘The Lias clay and marl belt lies between 
330 and 400 m., with isolated hill masses of Oolitic limestone reaching 
500-600 m. Moreover, the well-marked north-south scarp of Virine, 
formed of Liassic limestone, rises nearly 120 m. above the level of 
the plain and is pierced in important gaps by the Madon, the Moselle, 
and the Neurthe. An undulating relief dominates the Triassic lime- 
stone and sandstone country right up to the faulted edge of the High 
Vosges between St Die and Epinal. The southern boundary of the 
Lorraine plain is formed by the Monts Faucilles which are com- 
posed largely of infertile ‘Trias sands. 


The Vosges (Fig. 24) 


The main features of the relief of the Vosges are best described 
in relation to their structure (Fig. 26). Their old rocks were in- 
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Fig. 26. Diagrammatic section of the Vosges 
Based on A. Cholley, etc., La France, p. 111 (Paris, n.d.). (See also Plates 13 and 14.) 


tensely folded in the Hercynian movement, and were subsequently 
worn down to a peneplain. ‘This was buried beneath the deposits of 
Mesozoic times. During the building of the Alps, the area was raised 
en bloc with faulting along its margins. The cover of newer rocks was 
then stripped by erosion from its flanks, but sandstones still completely 
cover the crystalline rocks of the north. Such, in brief, is the history 
of the Vosges-Black Forest block. A great series of parallel fractures 
subsequently separated the Vosges from the Black Forest, forming 
the sunken area of the Rhine rift valley (Fig. 27). At the same time, 
renewed faulting took place concurrently on the western and southern 





Plate 11. Marshes along the river Aa 


A view near St Omer, showing canal transport between the intensively cultivated 
fields of the Maritime Plain. 





Plate 12. The Maritime Plain near Ghyvelde 


This shows cultivated fields and a drainage canal behind the coastal sand dunes. 





Plate 13. The Ballon d’Alsace 


(See p. 50.) A rounded granitic boss, which forms one of the highest summits of 
the Vosges (1,250 m.); areas which rise above the general tree-line are covered 
with rough pasture, used for cattle grazing in summer, with shrubs and with 


occasional wind-swept trees. 





Plate 14. The valley of the Fecht at Metzeral (Vosges) 


On the lower slopes (500-600 m.) are fields studded with deciduous trees; 
higher up are coniferous forests, and above 1200 m. open moorland. In the 
distance is the summit of the Hohneck (1,366 m.). 
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flanks of the Vosges, towards Lorraine and the Belfort Gap. In the rift 
valley, some hundreds of feet of alluvium and loess have been laid 
down upon the older rocks of the original floor. ‘The glaciers of 
Pleistocene times have also played an important part in moulding 
the present surface features, more especially in the southern High 
Vosges. River valleys have been deepened by ice, and now have steep 
slopes and flat floors; lake-filled cirques are to be found among the 
higher slopes; and the lower valleys of the High Vosges contain long, 
narrow, ribbon-shaped lakes, ponded behind morainic mounds. 
To-day, the Vosges form a mountain upland extending for 160 km. 
from north to south between the Rhenish uplands and the Belfort Gap. 
The breadth of the upland is some 60 km. in the extreme south, but 
it narrows to less than 20 km. at the col of Saverne in the north. It 
is usually divided into two—the High Vosges in the south and the 
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Fig. 27. The structure of the Rhine rift valley 
Based on A. Cholley, etc., La France, p. 110 (Paris, n.d.). 


Low Vosges in the north. The High Vosges have an average elevation 
of some 1000 m. and bosses of granite rise to 1200-1300 m., e.g. in 
the Ballon d’Alsace (Fig. 26), and the Hohneck. These mountain 
heights have a smooth rounded relief very different from the sharp, 
serrated peaks of the Alps or Pyrenees. They are usually covered 
_ with grass, but their gentle gradients and impeded drainage give 
rise to large tracts of peat and swamp. There are few east-west 
routes across the High Vosges; the main throughways outflank 
them on north and south by the Saverne Gap and Belfort Gap. 
North of the Saverne Gap, in the Low Vosges, where the ‘Triassic 
sandstones cover the old crystalline rocks completely, the average 
elevation of the land is only about 400-500 m. with occasional 
summits above 500 m. In spite of their smaller elevation, the Low 
Vosges are, in reality, a more effective physical barrier than the 
High Vosges. They are dissected into sharp ridges and flat-topped 
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mountain blocks, and are densely forested—the forest being continued 
almost without a break to the Hardt and the Ardennes. ‘The valleys 
are steep and narrow with flat floors. 


Alsace (Fig. 24) 


Alsace is the south-western part of the Rhine rift valley. It extends 
for about 150 km. from north to south and has an average breadth 
of 25 km. It includes the eastern slope of foot-hills of the Vosges 
as well as the rift-valley floor. The fractured slopes of the Vosges 
have been dissected by the steep and narrow valleys of short, swift- 
flowing streams. The foot-hills are composed of Mesozoic sandstones 
and limestones and these are likewise broken by deep river valleys. 
Their sheltered sides are fertile areas with vineyards, orchards and 
grain fields. ‘The swift-flowing rivers, often with cascading tributaries, 
have been utilized to supply water and power for textile manufac- 
tures. 

Below the foot-hills, the plain slopes almost imperceptibly towards 
the Ill and Rhine. The underlying rocks of the plain are thickly 
covered with loess, especially in the north. In southern Alsace the 
loess cover is less extensive, and more than one-half the countryside 
is still occupied by forest or marsh. 

The open loess plain descends in a slight step to the flood-plains 
of the Ill and the Rhine and, immediately, there is a sharp change 
in scenery and land forms. The surface is well watered and meadow- 
lands are flooded in spring time. The III and its tributaries split up 
into many channels and backwaters on whose banks grow marsh- 
loving trees such as willows and poplars. This marsh-plain is the 
ried and is found not only along the banks of the Ill in southern 
Alsace but also along the parallel course of the Rhine right from Basle 
down to Strasbourg. The ried of the Ill valley has been largely 
reclaimed for pasture, but that of the Rhine has successfully defied 
many attempts at reclamation. Between the ried lands of the Ill and 
Rhine there is, however, a strip of higher and drier ground which 
provides a natural causeway followed by an old-established route, 
along which numerous villages are situated (Fig. 28). 

The northern boundary of Alsace is marked by the river Lauter 
along the French frontier, but the effectiveness of this frontier is due 
rather to the forest of Bienwald, north of the river. This forest, as 
well as the extensive Haguenau forest (which begins 8 km. south of 
the Lauter), extends over sandy, alluvial deposits derived from the 
Bunter sandstones of the Low Vosges. The Haguenau forest marks 
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the northern limit of the fertile loess area of northern Alsace. 
Petroleum from the Tertiary sands of Pechelbronn in northern 
Alsace, and potash in the extensive Nonnenbruch forest, near 
Mulhouse, in south Alsace, are valuable mineral deposits exploited 
locally. 


Vosges 





S=-~Z 
Tertiary 
Fig. 28. Diagrammatic section across the plain of Alsace 


Based on A. Cholley, etc., La France, p. 122 (Paris, n.d.). The length of the section 
is approximately 20 km. The higher ground between the Ill and the Rhine is a 
relic of a former river terrace. The marshy plain of the ried is subject to inundation. 


The Belfort Gap (Fig. 24) 

This is a natural gap, some 16-24 km. wide, between the Vosges 
and the most northerly ranges of the Jura. It leads from the plain 
of Alsace to the Rhéne-Saéne corridor and has an elevation of 
250-400 m., but isolated hills reach heights of over 500m. The 
eastern approaches to the gateway are from Mulhouse in Alsace and 
from Basle in Switzerland. Belfort and Montbéliard hold the central 
positions, and Vesoul and Besan¢gon mark the approaches from the 
west. 

The sedimentary rocks of this region escaped violent disturbances 
during the elevation of the Vosges massif. To the north-west of 
Belfort, the underlying rock is in part covered by infertile alluvium 
lying in depressions between isolated hill masses. ‘To the south-west, 

_ Jurassic limestone outcrops on the surface without superficial cover. 
This is the real plain—open, unforested country—whose surface is 
broken only by the deep river valleys (e.g. the Ognon and the 
Doubs) that cross it and dissect it into separate hill masses. 

East of Belfort and Montbéliard the country is known as the 
Sundgau and is of a different character. Its solid rocks are covered 
by a great thickness of fluvio-glacial debris sloping eastwards towards 
Mulhouse and Basle. The sandy deposits have been eroded into 
flat-topped hills by the III and its tributaries. In the south, at the 
base of Mt Terrible, is Ajoie, a land of Tertiary lacustrine clays 
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whose impervious, flat surface is covered with woods and meadows 
that surround shallow ponds and lakes. 


The Ardennes Plateau (Figs. 17, 24) 


The structural history of the Ardennes is similar to that of the 
Vosges (p. 50). When the peneplained platform of old rocks was 
being raised en bloc in mid-Tertiary times, the Meuse and its tribu- 
taries were able to maintain their channels and cut their existing valleys 
down into the rocks of the massif. Erosion has left but slight traces 
of the Mesozoic and Tertiary rocks that formerly covered the 
ancient platform. Exposure of the underlying Palaeozoic rock strata 
has revealed the tremendous contortion and folding that must have 
occurred during the period of Hercynian folding; rocks dip at steep 
angles, but their bevelled outcrops on the upland plateau clearly show 
the influence of subsequent erosion. ‘These old rocks include shales, 
slates and quartzites. Only the extreme south-western part of the 
Ardennes upland is within France. This area has an average elevation 
of 250-350 m. and includes two distinct regions—the Meuse valley 
and the plateau itself. 

The plateau presents a monotonous, level surface, relieved only by 
a few summits composed of resistant quartzites. Viewed from the 
valley of the Meuse between Sedan and Mézieres, the Ardennes 
appear as a black wall of forest rather than as a mountain range. 
Forests and peaty moors cover the surface whose shales and slates 
have weathered into stiff clay soils, often waterlogged and boggy. 
Few routes ascend the forested slopes to the plateau. Scattered 
settlements occur here and there in clearings above the Meuse valley 
(Plate 15) and near to the frontier posts. 

‘The Meuse and the Semois have cut narrow meandering gorges 
some 100-200 m. below the level of the plateau. ‘The steep river cliffs 
on the concave bend of the meanders are generally wooded, while the 
opposing gentler slopes are cleared and cultivated. ‘The valley of the 
Meuse forms the one routeway across the plateau, and here between 
Meziéres and Namur in Belgium the population is concentrated. 


The Foot-hills of the Ardennes (Figs. 17, 24) 


The Ardennes plateau descends in rather steep faulted edges to 
a foot-hill zone of younger rocks. In the neighbourhood of Méziéres, 
Jurassic rocks emerge from beneath the chalk of the Paris basin, and 
form the country below the plateau. Here is a fertile Liassic clay 
vale occupied in part by the Meuse itself between Sedan and 
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Meziceres. This country is, indeed, a continuation of the Lorraine 
scarplands (p. 40), and the Oolitic escarpment dominates the Liassic 
vale south of Méziéres (Plate 16). 


The Flanders Coalfield (Fig. 17) 


From the Ardennes to the North Sea, the French frontier zone is 
geographically part of the much larger Flanders plain in Belgium— 
a region in which lower Tertiary (Eocene-Oligocene) sands and clays 
were deposited on a floor of chalk. There is a marked absence of the 
limestones which have given tothe central Paris basin its plateau table- 
lands. ‘The south-western boundary of the Flanders plain is defined 
by the chalk upland of Artois, and to the east the plain extends to the 
foot-hills of the Ardennes. In the valley of the Scheldt, in French 
Flanders, the coal measures are concealed beneath the newer rocks. 
This field is an extension of the coalfield of Namur in Belgium, but 
as it extends westward towards Lens and Béthune, the depth of the 
overlying strata increases and the mining of the coal becomes more 
difficult and costly. 

The relief of the coalfield in the departments of Nord and Pas-de- 
Calais is essentially that of the Flanders plain. In the valleys of the 
Scarpe and Scheldt and their tributaries, the land is less than 50 m. 
above sea level, rising gradually to heights of 100-150 m. in the 
foot-hills of the Ardennes and in the chalk hills of Artois and 
Cambrésis. 


The Plain of Flanders (Fig. 17) 


This central area, between the coalfield and the coastal belt, 
extends north-east of the anticlinal chalk ridge of Artois, and lies 
almost entirely below 50m. Easily eroded, impervious clays form 
most of its surface but outliers of overlying sands form ridges and 
isolated hills. One of the most prominent of these sand-capped ridges 
is that of Mt Cassel- Mt des Cats- Mt Kemmel in the north; it 
_ reaches heights of about 150 m. but is broken in the west by the gap 
at Watten formed by the River Aa. This ridge can be traced for 
some 30 miles within the French frontier, and it continues eastward 
to a few miles beyond Ypres. The strategic importance of the ridge 
is emphasized by the sites of Ypres, Cassel, St Omer and Hazebrouck. 
South of Lille, another west-east ridge (50-100 m.) rises above the 
clay plain on which lie Lille and Roubaix -'Tourcoing (Plate 10). 

From the hills of Artois, the rivers Lys, Lawe, Deule, Scarpe, 
Sensée and Scheldt flow northwards across the plain. River erosion 
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and faulting have separated outlying hills from the main Artois upland. 
Vimy ridge, and its continuation in the higher ridge of Notre Dame 
de Lorrette above Arras, are typical examples. From heights of 
180-200 m. they drop first steeply, and then more gradually, to the 
general level of the plain. 


The Maritime Plain (Fig. 17) 


East of Cap Blanc Nez, and within a mile or two of Calais, the 
chalk cliffs of Boulonnais are succeeded by a low sandy coast which 
continues beyond the French frontier into Belgium. A belt of sand 
dunes borders the sandy beaches of the coast, and behind the dunes 
there stretches a triangular-shaped plain of reclaimed marshland 
(p. 136). Its apex lies on the Aa, 13 miles inland, just below the 
Watten gap to the west of the Mont Cassel ridge. Most of the area 
is below sea level or only slightly above. Engineering skill has con- 
quered the marsh; stagnant waters remain in only a few scattered 
areas, where peat cutting has lowered the surface level. Across the 
plain run canals that link up the ports of Calais, Gravelines, and 
Dunkirk with their rich agricultural and industrial hinterlands. 
Prosperous farms fringe the banks of the drainage channels and the 
raised roadways that border the inner edge of the sand-dune belt. 
This ‘Noordland’ is a typical polderland, finding markets for its 
produce in the nearby industrial towns of Flanders and in the ports 
of Calais and Dunkirk (Plates 11 and 12). 

The plain is bordered inland by a clay platform, running from 
Guines on the west to Watten, and so to Bourbourg, Bergues, and 
the frontier. At the foot of the Boulonnais chalk ridge, this clay belt 
is narrow, and here the chalk rises steeply in an abrupt wave-cut 
cliff edge. ‘The junction of permeable chalk and impermeable clay 
results in many springs. 'To the east of the Aa river, the low clay 
plain is drained eastward by the Yser, the collecting stream of the 
Cassel ridge. 


AQUITAINE 


This great lowland covers about one-seventh of the total surface of 
France. It is triangular in shape, based upon the long straight coast 
of the bay of Biscay, with its apex in the Naurouze Gap between 
Toulouse and Carcassonne. The other two sides are formed by the 
edge of the Central Massif and by the steep wall of the Pyrenees. 


AQUITAINE 7 


Contacts are possible with the adjoining lowlands of the Paris basin and 
Languedoc respectively by way of the Gate of Poitou, 80 km. wide, 
and the Naurouze Gap. 


GEOLOGICAL STRUCTURE 


The seas of the Jurassic period extended not only over the area of the 
present Aquitaine lowlands, but also far to the east over the Central 
Massif and southwards into the Pyrenean zone. During the succeeding 
Cretaceous period this sea became more restricted in extent and was 
limited by land areas both to the east and the south, and it was joined 
to the Paris basin only by a relatively narrow strait in Poitou—the 
ancestor of the present Gate of Poitou. 

The sea of early Tertiary (Eocene and Oligocene) times repeated 
the features of its Cretaceous predecessor, forming a definite gulf 
between the rising folds of the Pyrenees and the uplifted border of 
the Central Massif. From these areas of older rocks its sediments 
were derived. They resemble their equivalents of the Paris basin 
except in the important respect that limestones are of subordinate 
importance. The succeeding later Tertiary (Miocene) beds are 
confined almost entirely to the area south of the Garonne. They 
comprise faluns (sands full of fossil shells), and the soft calcareous 
sandstone known as molasse. This, indeed, is one of the most charac- 
teristic rocks in Aquitaine, for sediments of closely similar type occur 
also in the older Tertiary rocks. 

Late in Tertiary times a great fan, or delta, of sands and pebbles 
was built up in the south by streams draining from the Pyrenees. 
This was the last stage in the filling of the Aquitaine gulf prior to its 
emergence as dry land. This great deltaic accumulation underlies 
the plateau of Lannemezan, and although its surface is covered 
with glacial drift, streams have cut down into the underlying molasse. 
Lannemezan, indeed, summarizes the whole Tertiary history of 
Aquitaine—the gradual filling up of a marine gulf by the waste of 
the bordering uplands. A fan of radiating rivers continues the same 
process to-day. These rivers have distributed the debris of the 
Pyrenean glaciers far over the plains to build the river terraces of the 
Garonne and its tributaries, and they still carry vast loads of silt to 
spread upon their flood-plain. 

Many of the differences between the Paris basin and that of 
Aquitaine are implicit in this history. The former is one of the 
older ‘Tertiary basins of Europe, and the rocks preserved near its 
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Fig. 29. The regions of south-western France; 
Land over 100 m. above sea level is shaded. The thick line provides a generalized 
indication of the edge of the older masses (compare with Fig. 30). B. indicates 
Brive. The outer boundary of the Pyrenees is marked (see Fig. 48). 
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Fig. 30. The geology of south-western France 
Based on the Atlas de France, plate 7 (Paris, 1939). 
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centre were deposited, for the most part, at some distance out to sea. 
The Aquitaine basin, on the other hand, is one of the newer Tertiary 
basins, and during most of Tertiary times it lay near the foot of 
mountains with whose waste it is filled. The limestones that dominate 
the Paris landscapes accumulated in clear water far from land or at 
least from high ground. In Aquitaine, on the other hand, limestones 
are but feebly developed and are replaced by deposits that are 
predominantly sandy, although mixed with considerable amounts of 
clay (Plate 17). ) 

Aquitaine differs from the Paris basin not only in the kind of rocks, 
but also in their structure. Here, there are no scarplands; the strata 
are almost everywhere horizontal, although the Jurassic and Cre- 
taceous rocks have gentle folds of north-west to south-east trend. 
Further, the general absence of massive limestones from the ‘Tertiary 
deposits of the Aquitaine basin has also contributed to a more level 
countryside. The basin is dominated by flat or gently undulating 
surfaces, and the only exceptions to this are afforded by the river 
valleys. The limestone gorges of the Causses, the markedly asym- 
metrical valleys of Armagnac and Lannemezan, and the broad trenches 
of the Garonne—all add incident to an essentially monotonous land- 
scape. Further detail is provided by well-developed river terraces 
within the Garonne trench. Thus, west of Toulouse, and above the 
level of the present flood-plain (130-140 m. above sea level), three 
terraces rise in succession with surface levels at 150-160, 180 and 
200 m. respectively. 

The leading features of the drainage system are readily summarized. 
The Garonne follows the axial line of the basin from Toulouse to 
the Gironde estuary; to the north, the Charente follows a roughly 
parallel line. South of the Garonne, the central feature is the great fan 
of streams diverging from the plateau of Lannemezan and falling 
northwards and eastwards to the Garonne and westwards to the 
Adour. The latter has evidently captured a number of Pyrenean 
streams which once made independent exits on the Landes coast. 
The eastern tributaries of the Garonne, from the Tarn in the south 
to the Isle in the north, run in an east-west direction across Cretace- 
ous and Jurassic limestones. 

Despite the general uniformity of relief and soil, and the relative 
simplicity of the drainage system, a number of distinct sub-regions 
can be recognized within the basin of Aquitaine. They are not so_ 
sharply differentiated as those of the Paris basin, but the following 
is a convenient division: 








Plate 15. The Meuse at Monthermé (Ardennes) 


An entrenched meander, the steeper slopes of which are wooded, while the gentler 
slopes are cultivated; there are industrial establishments on the small alluvial 
flats. 





Plate 16. The Oolitic escarpment south of Nancy 


This is an outlier of the main escarpment viewed from the south-east, the steep 
scarp slope is wooded; from the base extend the rolling plains of Lias clay. 





Plate 17. Limestone quarries at Tercé, in Poitou 


The horizontal disposition of the strata is characteristic of the region between the 
basins of Paris and Aquitaine. The limestone is a fine freestone, greatly prized 
for building and sculpture; it is the geological equivalent of the famous Bath 
stone in England. 





Plate 18. The Carcassonne Gap 


View looking southwards from the citadel at Carcassonne across the Gap towards 
the Pyrenean foot-hills. 
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(1) Périgord and Quercy (Mesozoic limestone). 
(2) Albigeois and Lauragais (Tertiary limestone). 
(3) Lannemezan. 

(4) Chalosse (Adour lowland): 

(5) The Landes. 

(6) The Garonne valley. 


(1) Périgord and Quercy (Fig. 29) 

Périgord is a plateau of Cretaceous limestone that reaches a general 
elevation of 200-250m. Its surface is covered with poor corn- 
growing land, with pasture, and with oak woods that yield the 
famous truffles. 'The valleys of the Dronne, Isle, Vézére and Dordogne, 
which cross the plateau from east to west (Plate 20), afford much 
better agricultural conditions, and wheat, maize, vine and fruit are 
widely grown. 

Farther to the north-west, in Angoumois (the pays of Angouléme) 
and Saintonge in the Charente basin, the limestone and marl country 
is lower, sloping gradually seaward, and its open, rather monotonous 
landscape has earned it the name of ‘La Petite Champagne’. ‘The 
low platforms above the Charente are devoted to arable farming, but 
within the valleys are the vineyards of the famous Cognac district. 
Between Saintonge and the sea is a low-lying, often swampy, belt 
where river alluvium covers Jurassic clays. 

In Quercy the Jurassic plateaux reach greater elevations (500-600 m.) 
and show some of the features that characterize the great causses 
of the Central Massif (p. 83). Their surface conditions, however, 
are less sterile; bare limestone areas are limited and there is a fairly 
continuous soil cover. ‘The main valleys are wider, and maize, fruit 
and vine are grown on their slopes. T’he plateaux are traversed by 
numerous dry valleys as in the chalk country, with meadows along 
their floors and arable fields upon their slopes (Plate 19). A narrow 
depression in Liassic clay intervenes between the limestone plateaux 
and the edge of the Central Massif. 


(2) Albigeois and Lauragais (Fig. 32) 

South of the Aveyron valley, in the regions of Albigeois and 
Lauragais, is a land of ‘Tertiary limestone and molasse whose general 
level. falls to about 200 m. The agricultural conditions recall those 
of the more favoured parts of the Quercy Causses, but the more 
southerly latitude, the lower elevation, and the more fertile soils 
ensure a much higher general productivity, while the mining of coal 
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in the Carmaux basin has rendered Albi a minor industrial centre. 
Southwards, beyond Toulouse, is the vitally important Naurouze Gap 
by which Aquitaine communicates with Languedoc. The main trench 
between the Montagne Noire and the Pyrenean foot-hills is only 16 km. 
wide, and it is drained westwards to the Garonne and eastwards 
to the Aude by small streams that have cut their valleys below the 
general floor. The Gap, followed by rail and canal, is thus even 
narrower, and is a valley within a valley. The importance of the 
‘gap-town’ of Carcassonne needs no emphasis (Plate 18). 


(3) Lannemezan (Figs. 29, 48) 


The stony plateau of Lannemezan with its western extension in 
the district of Bzgorre and its lower level continuation in Armagnac 
shows some remarkable features of landscape. Each of the radiating 
valleys in this large alluvial fan has a steep eastern (i.e. west-facing) 
slope and a gentle western slope. ‘The cause of this feature is not 
entirely clear, but it has been plausibly attributed to the direct effects 
of wind and weather, for the eastern slopes face the full force of 
westerly rain-bearing gales. Whatever the cause, the results are 
sufficiently striking. The road from Toulouse to Tarbes, for a 
distance of 40 km. or more, resembles an asymmetrical switchback. 
The steep slopes are wooded, while the gentler western slopes carry 
the settlements set amidst arable fields. ‘The higher parts of the true 
Lannemezan plateau are dry and sterile, affording only poor sheep 
pasture, but the lower country, in Armagnac, has irrigated meadows 
in the valley bottoms, and wide fields of maize and wheat; it also pro- 
duces brandies which rank with those of the Charente district. 


(4) Chalosse (Figs. 29, 48) 


This region is the physiographic counterpart of Armagnac in the 
Adour basin, but here the conditions are much more humid and 
irrigation is relatively easy. It is in all respects a softer and richer 
country. 


(5) The Landes (Fig. 29) 


This is a highly distinctive tract of sandy country lying behind the 
barrier of coastal dunes and covering some 15,000 sq. km. ‘The basis 
of the country is a sheet of marine sands marking a short-lived 
extension of the sea in Quaternary times; and it is from this source, 
primarily, that the sand of its dunes is derived. In its former natural 
state the lowlying inland country was a virtual waste widely covered 











Plate 19. Causse de Martel 


On the eastern side of the Aquitaine Basin Jurassic limestone plateaux (500-600 m. 
above sea level) repeat some of the features of the high Causses to the east; but 
they are less barren, with pasture, woodland and cultivated valleys. The small 
town is Martel, 30 km. south of Brive. 





Plate 20. The Dordogne valley near Domme 


View northwards across the meadows of the Dordogne valley of the wooded 
Cretaceous plateau of Sarlat. The Cretaceous rocks consist of limestones, marls 
and sands; the limestones yield cultivable soils. the sands are generally wooded. 





Plate 21. The Landes 


Typical landscape of shallow étangs and old sand dunes covered with vegetation. 


ROW erotic, 





Plate 22. Pine woods of the Landes 


Practically two-thirds of the Landes is covered with plantations of maritime pine, 


which yield resin and pit props. 
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with swamps and lakes; iron compounds leached from the upper 
layers of the sand were carried down and redeposited to form an 
impervious layer of ‘iron-pan’ a few feet from the surface. During 
the nineteenth century, however, human effort has done much to 
reclaim this waste. Not only do the dune-fixing pines provide an 
important economic resource, but they have enabled large areas to 
be reclaimed for pasture by breaking through the pan layer and so 
draining the surface. Wide tracts of fever-haunted swamp have thus 
been rendered productive, and the population of the area has been 
increasing for many years (Plates 21, 22, 62, 63). 


(6) The Garonne valley (Fig. 29) 


This is the heart of Aquitaine, where agricultural conditions are 
most favourable, and where the density of population is greatest. In 
the south, between ‘Toulouse and Agen there are three main types 
of soil: 

(1) The Tertiary limestone soils recall those of Albigeois, and 
- yield hard wheat, vine and fruit. Typical of this country is the pays 
of Agenais, lying between the Garonne and the Lot. 

(2) The heavier soils of the molasse and its associated clays are 
more difficult to cultivate, but are more fertile. These conditions 
characterize Lomagne, south of the Garonne, where maize, wheat and 
stock raising replace the vine and fruit of the limestones. 

(3) Wide stretches of alluvium occupy the flood-plains. ‘This area 
is subject to flooding, and settlements are inevitably confined to 
marginal bluff or ‘island’ sites. Where cultivation proves possible, 
the river silts are highly fertile. 

The northern part of the Garonne lowland comprises the specialized 
vine-growing regions of Bordelais and Médoc, which lie within the 
economic orbit of Bordeaux. 


THE CENTRAL MASSIF 


The somewhat incorrectly named Central Massif is an upland area 
composed largely of old crystalline rocks, lying in the south-east of 
France and covering about one-sixth of the country. It rises dis- 
tinctly, and in some places very steeply, above the surrounding 
plains. The 300 m. contour roughly marks its outer limits, except in 
the north-easterly outpost of the Morvan, which closely adjoins the 
high Jurassic country of the Cote d’Or. It stands out as the most 
important centre of dispersal of the French drainage system, 
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nourishing the Loire and its chief affluents, and contributing to the 
Garonne, the Seine and the Rhdéne, as well as directly to the 
Mediterranean and the Atlantic. While in a general sense it can be 
regarded as a unity, there are many contrasts within its boundaries. 
Indeed, at close quarters its regional differences are more striking 
than its unity. 


GEOLOGICAL STRUCTURE 


Cambrian and Silurian rocks, including important limestones, occur 
to the far south in the Montagne Noire. Devonian sediments are 
present in the north (Morvan). For the most part, however, the 
older rocks of the area comprise granites, gneisses and schists. How 
far the latter are of pre-Cambrian age, or, alternatively, represent 
altered Palaeozoic sediments, it is impossible to say. The essential 
fact is that the older rocks are dominantly crystalline. ‘They emerge 
here, as in Brittany and the Vosges, as relics of the Hercynian 
mountains. 

Clearly traceable through the old crystalline complex run the trend 
lines of the Hercynian folds. In the east, these follow a north-east 
to south-west direction and are continuous, beneath the intervening 
younger rocks, with corresponding features in the Vosges. On the 
western side, the trend lines run north-west to south-east and 
obviously continue those of southern Brittany. Here, evidently, was 
the meeting place of two major directions in the original Hercynian 
mountains (Fig. 3). 

The earliest rocks resting on the crystalline basement are those of 
the Carboniferous and Permian systems. The coal-bearing rocks of 
the Central Massif belong to the topmost (Stephanian) series of the 
Carboniferous system and are thus younger than the main mass of 
the European Coal Measures. They form an important series of 
outcrops along the eastern side of the massif—the basins of Autun, 
Blanzy (Creusot), St Foy l’Argentiére, St Etienne, Prades and Ales. 
Here they show clearly the north-east to south-west Hercynian grain 
(Fig. 31). In the interior of the massif, small coal basins occur at 
Langeac and Brassac in the Allier valley, but the most remarkable 
feature is the so-called ‘coal furrow’ which is traceable in a north- 
north-east to south-south-west direction for nearly 300 km., from 
near Moulins, through St Eloi and Champagnac, to the neighbour- 
hood of Villefranche. ‘The coal-bearing outcrop is not continuous, 
but in places it attains a width of 15 km. The continuity of the 
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Fig. 31. The coal basins of the Central Massif 


The edge of the Palaeozoic and older rocks determines the outline of the massif. 
The Coal Measures and associated Permian outcrops indicate the direction of the 
Hercynian mountains. 


GH (France 1) 5 
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structural line is not in doubt however. It is a major feature of the 
Hercynian structure, a line of sharp infolding combined with faulting. 
In the south-west, this line forms the boundary of the massif for 
some miles, guiding the course of the Aveyron south of Villefranche. 
Farther north, the Upper Dordogne follows the line west of Mont 
Dore. This ancient feature thus remains legible in the present scenery. 
It marks, furthermore, the western boundary of the Tertiary volcanoes 
of the ee 

The surface of the massif, already approaching the condition of a 
peneplain in late Carboniferous and Permian times, must have suffered 
further erosion during the long Triassic period. Parts, at least, were 
later submerged beneath Jurassic seas, and thick remnants of the 
resulting cover of limestone are still preserved in the region of the 
Causses (p. 83). ‘Towards the end of Jurassic times upheaval started, 
and the erosion of the limestone cover from the old peneplain began. 
This erosion continued throughout the greater part of Cretaceous 
times for, though the Cretaceous seas submerged surrounding 
districts, the massif, or its central parts at least, projected as an 
island. ‘This long-continued erosion lasted into early Tertiary times, 
by which time the Jurassic cover was almost completely removed, 
and the area was once again reduced to a peneplain. There are thus 
two great erosion surfaces distinguishable in the massif—an earlier 
sub-Mesozoic surface, the product of the long post-Hercynian 
erosion, and a later surface produced after Jurassic times. The former 
is still preserved over considerable areas around the margins of the 
massif, and, possibly, in some of its higher parts in the Cévennes and 
the Limousin. The latter can be traced widely within the massif 
and also on the higher parts of the surrounding ring of Mesozoic 
rocks. 

The later peneplain continued until the onset of uplift and faulting 
which accompanied the Alpine folding. The rigid sub-structure of 
the area resisted these folding movements; in fact, the massif was 
one of the main bastions which opposed the advance of the Alpine 
folds (Fig. 4). The great earth stresses of the period were relieved, 
however, by bodily upheaval of the area, achieved by movement 
along innumerable faults. 

Some of these faults may mark the position of more ancient 
fractures, and many of them follow the trends of the basement 
structure. Others, and these among the most conspicuous, run 
from north to south. The effect of this faulting varies. Where the 
rocks brought into juxtaposition are of similar nature, erosion has 
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often completely obliterated the original fault scarp. In other areas, 
it has emphasized and extended the original declivity by removing 
softer rocks on the down-thrown side. The chief fault-lines (generally 
multiple rather than single) visible in the present landscape are those 
which determine the steep eastern margin of the massif overlooking 
the Rhéne-Sadéne valley, and those which bound the Tertiary basins 
of Limagne, Forez and Roanne. The latter are true rifts let down 
between faults, and their filling by Tertiary sediments was certainly 
concurrent in part with the faulting movement. Nevertheless, river 
erosion has since emphasized the rift-valley form, by removing great 
_thicknesses of the Tertiary filling. 

These faulting movements, at whatever date they began, were over 
by the end of Miocene times when there followed a widespread out- 
pouring of lavas, continuing down to recent times, from vents alined 
along the faults. The chronological order of the two episodes is clearly 
proved by the fact that the lavas are rarely if ever faulted. ‘Thus were 
built up the great volcanic cones of Auvergne, the host of minor puys 
marking local vents, and, too, the less regular lava plateaux of Velay. 

Apart from the local movements of faulting, the broad effect of 
the mid-Tertiary movements was to tilt the great block of upland, 
so that its south-eastern edge stands highest in the crests of the 
Cévennes, and its general slope falls away towards the north and 
west. This tilting began an entirely new cycle of erosion, and the 
streams began, during Pliocene times, to erode deep valleys in the 
plateau surface. A last complication was added to the landscape by 
the heavy glaciation of the higher country, a glaciation which included 
the great volcanic peaks. 

This brief review of the long and complex physical history of the 
massif makes it clear that there are four essential structural elements, 
combined in different fashion and proportion in the several regions 
of the massif: (1) the Hercynian crystalline basement, revealing a 

complex structure inherited from Palaeozoic times and including on 

its surface tracts of coal-bearing rocks; (2) the Mesozoic covering, 
formerly widely spread over the basement rock, but now eroded back 
to form the bordering lower plateaux, except in the region of the 
Causses where it still forms an essential part of the massif itself; 
(3) Tertiary (Oligocene and Miocene) deposits accumulated in brackish 
or fresh-water lakes or lagoons located in the fault troughs of the 
Loire and Allier valleys; and (4) volcanic rocks. 

The varying assemblages of these four elements not only give rise 
to striking contrasts in scenery, but establish variations of soil that 
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Fig. 32. The regions of the Central Massif 


Land over 750 m. above sea level is shaded. The thick line provides a generalized 
indication of the edge of the older masses (compare with Fig. 33). Brive, St 
Etienne and Le Creusot are marked. 
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Fig. 33. The geology of the Central Massif 


Based on the Atlas de France, plate 7 (Paris, 
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are closely reflected in ways of life. The granite and schistose rocks 
of the old complex yield infertile siliceous soils, poor in lime. By 
contrast the volcanic rocks, notably those of dark colour, rich in 
lime, magnesium and iron (basalts), form the basis of good pasture 
and arable soils, where elevation, slope and climate permit. The 
Mesozoic limestones, while they give rise to excellent pasture, arable 
and vine-growing soils at lower elevations, form also the high sterile 
and waterless plateaux of the Causses. The Tertiary basins present 
yet another notable feature of soil geology. ‘The Tertiary deposits, 
save where they consist of limestones, are composed of the debris 
from the plateau itself and range from poor soils derived from 
siliceous rocks to rich soils that came from the basaltic lava-flows. 

In the light of these facts, the Central Massif can be divided into 
four main areas which must be considered separately: 

(1) ‘he western area (Limousin) characterized by the general 
dominance of the crystalline basement rocks and an absence of 
marked faulting or volcanic activity. 

(2) The central area (mainly comprising Auvergne), where 
Tertiary faults and volcanoes, together with Tertiary sediments 
preserved in the fault troughs, diversify the simple crystalline surface 
and give rise to very marked relief. 

(3) The eastern border, where the ancient rocks of the massif 
reveal a persistent north-east to south-west grain cut obliquely by 
an almost continuous zone of boundary faults which mark the limit 
of the high land towards the Rhéne-Saéne lowland and the plains 
of Languedoc. 

(4) The southern area is characterized by east to west structure 
lines and by the extensive preservation of the Mesozoic limestone 
cover in the plateaux of the Causses. Large Tertiary basins are absent 
from this area and evidence of volcanic activity is slight. 


THE CENTRAL Massir: WESTERN AREA (Figs. 29, 32) 


The western and north-western area of the massif, typified by the 
great Limousin plateau, is marked by monotony of soil and relief. 
It is an excellent example of an uplifted peneplain; the outer parts 
belong to the later post-Jurassic erosion surface, while relics of the 
‘post-Hercynian surface’ are probably represented in the higher 
interior. ‘he Hercynian lines are feebly marked save in the occasional 
small coalfields such as Ahun and Commentry. 

The higher central parts of Limousin attain elevations of 600- 
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800 m., but towards the border the prevailing elevations rarely 
exceed 500 m. The transition is emphasized by the valley features. 
The upper courses of the great diverging sheaf of rivers (Cher, 
Creuse, Vienne, Vézére, Corréze and Dordogne) flow in wide open 
valleys over the inner plateau; but they plunge into gorges as they 
approach the plateau border. 

The surface conditions of the higher interior region are well 
represented by the Millevaches plateau with a maximum height of 
978 m. The soil is poor and marshy, carrying mainly moorland and 
poor grassland, with occasional woods of chestnut and beech. The 
sparse population is engaged mainly in cattle rearing: small towns, 
such as Ussel and Aubusson, lie on the margins of the high central 


plateau (Fig. 34). 
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Fig. 34. The Millevaches plateau near Limoges (drawn from a photograph) 


The view is taken from the Puy Pendu looking north. This rolling moorland is very 
characteristic of the Limousin upland country in general. Few trees grow on these 
hills, but beeches take advantage of shelter in the valleys. Some plantations of 
pines have been made recently in an attempt to utilize this barren land. 


In the north of Limousin lies the lower marginal plateau, where 
the pasture is superior, the climate less severe, and the drainage 
better. It is by the river valleys, moreover, that routes ascend from 
the plains, allowing an import of chalk and limestone to replenish 
the great deficiency of the siliceous soils. Cultivation of cereals and 
potatoes is thus possible. There is also a certain amount of industrial 
activity, e.g. the coalfield metallurgical industries of Montlucon and 
Commentry. To the west of the Millevaches plateau, the lower 
plateau in Limousin Occidental and Bas Limousin is better endowed 
and more thickly settled than the northern region. Here there is 
intensive cattle raising and the chestnut is extensively used as a source 
of food. Limoges is a major urban and industrial centre. 
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Around the confluence of the Corréze and the Vézére, and below 
the sharply defined edge of the plateau, lies the Brive basin where 
coal measures succeeded by Permian rocks form the surface. Here, 
favoured by better soil and by a sheltered sunny climate, cultivation 
begins to show signs of a southern character and fruit is widely grown. 


THE CENTRAL MassiF: CENTRAL AREA (Fig. 32) 


The western boundary of the central portion of the massif follows 
the broad depression, between the Millevaches plateau and the 
volcanic country of Auvergne, drained southwards by the head- 
streams of the Dordogne and northwards by the Sioule. ‘Through 
this depression runs the major structural boundary of the ‘coal 
furrow’ (p. 64). From this line eastwards to the Allier valley a large 
part of the upland surface is built of volcanic outpourings that 
cover the surface of the old crystalline basement (Fig. 35). 

In the south there is the great basaltic plateau of Aubrac, rising 
to 147m. No trace of a vent is known here; the lavas form a flatlying 
cake rising above the crystalline pediment, and the western edges 
of the plateau are deeply dissected by tributaries of the Lot. North- 
wards, across the valley of the Truyére, lies the magnificent volcanic 
cone which culminates in the Plomb du Cantal (1858 m.). This 
great volcano has a circumference of 150 km., its lower lava slopes’ 
extending northwards in the Cézallier plateau towards the similar 
but more complex cone of Mont Dore (Puy de Sancy, 1886 m.). 
Beyond the latter and extending northwards for 30 km. is the 
remarkable, almost lunar, landscape afforded by a chain of some 
seventy recent minor cones (puys), most of ash, some of lava, in- 
cluding the famous Puy de Déme (Figs. 36, 37 and 38, and Plate 25). 

The form and fashioning of the volcanic relief depends pri- 
marily on the characters of the lavas emitted. The dark-coloured 
basalts, rich in lime, iron and magnesium, flowed freely over wide 
areas, but the paler-coloured more siliceous types (trachytes) were 
emitted in a stiff and pasty condition to form dome-shaped puys of 
limited extent. Such lavas are dominant in the chain of the puys, 
and since these represent the latest phase of activity, erosion has 
borne lightly upon them. 'The larger cones of the south are geologically 
older and have been partially dismantled by river action and by 
glaciation. The slopes of the Plomb du Cantal have been trenched 
by radiating valleys and the crater was widened by weathering and 
gully action before the Ice Age, during which it nourished snow 





Plate 23. Polignac 


The village of Polignac, near Le Puy, clusters round the foot of a flat-topped 
basalt plug, which is crowned by a fourteenth-century tower. 





Plate 24, Le Puy 


View of the town of Le Puy, set in the midst of a volcanic landscape. On the left 
is the Rocher de |’ Aiguille (85 m. high), crowned by the church of St Michel; in 
the background is the Rocher Corneille (130 m. high), with the statue of Notre 
Dame de France on its summit, and the cathedral at its foot. 





Plate 25. Puy de Déme 


See also Fig. 37, which views the mountain from the opposite side. Ox transport 
is characteristic of this as of other parts of France. 











Plate 26. The plateau of Gévaudan (Lozére) 


A gently rolling granitic landscape about 1,200 m. above sea level; in the fore- 
ground are numerous weathered blocks. 
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fields, sending glaciers down the valleys of the surrounding slopes. 
The result is a spectacular piece of sculpture, which leaves the 
triangular lava slopes—the planézes—narrowing upwards into prow- 
like projections culminating in a ring of peaks around the old 
crater. 


Coal | Tertiary Volcanic 
mee /Vliecasures Qg rocks rocks 
Crystalline Fad Jurassic 


Tocks tocks 





Fig. 35. The main volcanic region of the Central Massif 
Based on the Atlas de France, plate 7 (Paris, 1939). 


A. Aurillac. C.-F. Clermont-Ferrand. T. Thiers. 
_B. Brioude. St F. St Flour. U. Ussel. 


Puy de Déme lies to the west of Clermont-Ferrand; Mont Dore to the east of 
Ussel; and Plomb du Cantal to the west of St Flour. The ‘coal furrow’ shows up 
clearly (see Fig. 31). For the Tertiary-filled trough of the Allier valley, see also 
Fig. 40. 


$1), Louchadiére ; 
: Ve sete 
WSGGp! 


aN 


FINS 


(EA 
~—S WIZ 


ROU 


— 
= 


<A 


SOQ 7/4 
i KES) Vid Wy 
SS rr™ FE 


On 


ih 


S 


Loz 


a En \ 


—~ 


a 


Sa 


Cale ~\ ‘ 
ZEN 
i ape a 


~~ AW, 


| // 
i! ot 


A, 
4 


iy, 


\\ 


\\\ 


dhe 
eee 


ve 
WH 


\L, \ 


a 
op 


‘ 
ace 
\ 


“i 
GAM 
ALM 
SASS 
TQ 
TQ) ez 
a 


-_ ae 
/ ee ae 
ples: ae 
Wg ee 
Aa Yo, C7 : 
Puy de Come MY ZZ, 


Li ee 
/ 


\ 
vy 


——— 
— 


he 
Fife, =a \ 
ll . \ \ 


NY) 


7 
aE 


\ 


— 
—, 


1 


Fp 
i, x 
Witten 
WiZEe~ 


tS 
SS 
Se 


4,~ 
4 Ss 
U4 Se 
ANNA, 
fe i NK NS 


/ 
/ 


+ 
a. 


SS 
S70 


As | 


“Yy 
f} 


\ 
\ 
eG 
ZZ YN 

| 


Vi 


eo 
| SAAN 
AM 
nun 
Nearat 


\ 
i | 
=~ 


M\\ 
Ht 


WS 
\ 


1Km. 


SSS 


= NANA tie 
Ss “aaa ny 
eee se ee 
= Wee Cae, 
EW i| Lo ee 


= 
Sn 

SSs=:5 oO Ss . =e 
SSS SX ROS WS 
\WWSSS SX SANNA 
\ . =e 


SSSR Ss, Mis 
WSS SS A ae 
WS Wh pene 
SS Sy 
Pyp.7 


) ae 
SU, 
SSE NYGZE 
\ | | \WAHA 
\\ | SUZ 
S\\\ cee 
WV 


SS 
REGIA) oe 
WYySS 
SYM TZ Ss 
< — / — 


Z aie 
a 


—-: 
<a. 


vw 
zZ 


a 


oS 


es 
\\ 
} 


— 


AN 


> 


iy 


“y 
y ~ — 
SS = 
IX 


‘ 
SS 
S 
‘) 
SS 


\ 


f 


Wr 
WS 


i) 
\\ 


WY 
WZZEN 


Py ZS 
= 
Ti = iy y 
ty "| : we, ; 
ae, 


Me S 
Wi Mery 
SA 
Wy, yy, 


WWE 
WY 
li Jez 


{ 


Soy 
H 
Zz “ts 


% 
LG 


} 
tty 


if, 
pe ee 
=- 


julia 


fer’ 


(qu 


Th 
Sy IPS 


i 
\ \/ 


WW 
i 
KG 
quell 


\\ 


UY 
i 

/ 

4 


"ey 
/ 
thy! 
j Ml 


yf 


~~ 


i = 
Rv SN es SSS 

Wy FATS 
2 Wg MN 

WSN WS is » . 


Py 
\ = 4 
\ 


ai, 


aN 
~NS 


Mi IV": 


aa 


ht 
yy 


yy 


i / i 
Se 

WSS 

NS 


As 


YG 


re = = 
“Life = 
Wile A 
é M2 Lp 


SS — 
SS Lk See 
WAS; os 3 

IY ge = 
| / Es EIEN Ae 
Z =SNU) Woe (LE 


Mt) 
| 
| ( 
\ 
\\ 
ih 
{\ 


Yap 


MN 


M1} 


~y 
4p 


1) 
7, 


pee 
Ly 
WG, 
So ZZ == 
> ———$—$—— 


wy 


1 
N 


arr 


= 
a> 
= 
—) 


Tle 


aS 


> 


\’ 


——— ——— 
—————=S 
——= = 


Puy de Déme 465m 
SSS 


= 
ot 


\ 


= 


SV 


" 
Wt 


LS 


! 
=f RG 
My 

J. 


7 
‘4 


Zz 





Lp 


Ni 


Fig. 36. The extinct craters (puys) north of Puy de Déme 
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The volcanic soils present conditions much more favourable to 
settlement and agriculture than the crystalline uplands. ‘The more 
recent lava-flows of the puy country have bare and rugged surfaces, 
but they are extensively fissured, and springs, emerging at their 
edges, yield water to farms and villages. The older basaltic lava-flows 
of the major cones are deeply weathered and afford not only good 
pasture soils, but opportunities for cultivation. Cereals, principally 
rye, are grown on the lower planéze slopes up to 800-go0 m. The 
upper slopes, though snow-covered in winter, provide good summer 
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Fig. 37. The Puy de Déme (drawn from a photograph) 


This is the highest (1465 m.) of the puys. It is formed of trachyte, a lava that does 
not flow as freely as basalt; the result is a dome-shaped puy of limited extent. 
There is no crater. The eastern slopes are covered with woodland and turf, and 
the plain around its base is cultivated. (See also Plate 25.) 


pasture, and house a migrant summer population, as in the Alps. 
The radiating valleys, in their lower parts, trench through the lavas 
into underlying soft Tertiary sediments and provide strips of water 
meadow and orchard country. Small towns, such as Salers, lie at 
the upper limit of permanent settlement, while larger centres such as 
St Flour and Aurillac mark the outer edge of the volcanic country. 
East of the main volcanic mass, the valleys of the Allier and the 
Loire descend northwards, by way of a succession of Tertiary 
fault-troughs, to their confluence near Nevers. The Allier rises 
in the Cévennes, and its upper valley is little more than a steep- 
sided, narrow and meandering ravine. It widens locally in small 
Tertiary basins, at Brioude and Issoire, before finally entering 
the great plain of the Limagne (Fig. 32). Here, the chief contrast 
is between the western part of the plain with volcanic rocks, and 
the eastern part underlain by granitic debris from the Monts du 
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Forez. In the west, cereals, roots and fruit are widely cultivated, 
and large market towns such as Riom and Gannat serve as local 
centres for numerous villages. Clermont-Ferrand is of more than 
local importance. It lies at the crossing of north-south (Paris- 
Nimes) and east-west (Lyons- La Rochelle) routes, and has become 
an important industrial centre with a population of over 100,000. 
The poorer soils of the east support only marsh, woodland, poor 
pasture and scanty cultivated patches, and the density of population 
is, in general, less than half that of the western area. 
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Fig. 38. Panorama of the puys, looking north from the slopes of the Puy de Déme 
Based on E. de Martonne, Traité de Géographie Physique, vol. 11, p. 738 (Paris, 
1926). 

The Limagne widens northward into the Sologne Bourbonnaise, 
around Moulins, where widespread swampy conditions are maintained 
by the Tertiary sands and clays. ‘These conditions are in general 
reminiscent of the eastern Limagne area, and occupations are 
predominantly pastoral. 

In a broad sense the basin of the Loire within the massif presents 
features analogous to those of the Allier, but there is considerable 
difference in detail. An outlying tract of volcanic rocks has built 
rugged plateaux athwart its headstream region (Plateau du Velay). 
The first important feature in its downstream course is its passage 
across the ‘Tertiary basin of Le Puy. This small region differs from 
the other Tertiary basins of the massif in several respects. The 
Tertiary filling is thin and has been breached to reveal the granitic 
basement over a considerable area. Further, the basin lies within the 
volcanic area; lava-flows once extended across its floor and have been 
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Plate 28. The Jonte valley at Meyrueis (Lozére) 


Meyrueis lies at the junction of the slate and granite country of the Cévennes 
with the limestone of the Causses. The 7om. cliff of Liassic limestone on the 
right of the picture marks the commencement of a gorge which leads westwards 
to the Tarn. 





Plate 29. A swallow-hole in the Causses 


The small stream plunges into a fissure in the limestone at 1,095 m. above sea level 
near Camprieu (department of Gard); it reappears at the foot of a limestone cliff, 
go m. lower, as a strongly flowing river, the Bramabiau. 
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cut up into separate masses by stream erosion. Moreover, it is studded 
by a number of volcanic plugs that have remained standing after the 
cone around has been eroded away. The landscape is thus diversified 
by isolated rock pinnacles and stacks (Plate 23), of which the most 
famous are those of Corneille and St Michel at the town of Le Puy 
itself (Fig. 39 and Plate 24). Volcanic debris enriches the soil as in 
Auvergne and cereals are grown. 

The Loire resumes its gorge course on leaving the basin, but at 
Vorey it changes direction and for 40 km. flows north-eastward 
directly in the line of the St Etienne coal syncline. Finally, when 
close to St Etienne, it resumes its northerly course and enters the 
Plaine du Forez. This remarkable depression is sharply bounded by 
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Fig. 39. The environs a Le Puy 


Based on O. Barré, L’ Architecture du Sol de la France, p. 328 (Paris, 1903). In 
the background, lava-flows from the resistant cap-rock of a dissected plain. The 
isolated eminences of St Michel and Corneille are resistant volcanic necks that 
have remained standing after their cones have been worn away. (See also Plate 24.) 


faults. The Tertiary filling and the surface alluvium, alike derived 
from the encircling granite uplands, yield sterile and waterlogged 
soils, and the rural economy is poor; but ease of access to the 
St Etienne coalfield has resulted in some manufacture of textiles. 

North of the Forez basin, the Loire once more cuts through upland 
country formed of Lower Carboniferous rocks with associated 
volcanic material, quite distinct from the ‘Tertiary volcanic rocks. 
It descends rapidly in a series of falls and emerges in the depres- 
sion of Roannais, bounded by faults. The surface conditions here 
are generally similar to those in the Forez basin, but the land is 
better drained because the Loire and its tributaries are incised well 
below the plain. The main stream maintains its northerly course 
until, at Digoin, it encounters the southern edge of the Morvan 
upland, along which it turns sharply west passing through the 
Sologne Bourbonnais to its confluence with the Allier. 
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Little need be said of the granitic uplands, the Monts du Forez 
and their continuations, which lie between the Loire and Allier 
valleys north of the basin of Le Puy. Attaining the height of 1640 m. 
in Pierre Surhaut, the surface characteristics recall those of Limousin 
and Margeride. The small Tertiary basin of Ambert, drained by the 
Dore to the Allier, affords a relatively fertile lowland compartment 
set within the surrounding mountains of Livradois and Forez 


(Fig. 40). 
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Fig. 40. Simplified geological section across a northern portion 
of the Central Massif 


Based on A. Cholley, etc., La France, p. 240 (Paris, n.d.). The crystalline foundation 
has been broken by faults into blocks and basins. The length of the section is 
200 km. 


THE CENTRAL MassiF: EASTERN BORDER (Figs. 32, 55) 


The regions of the eastern border vary a great deal despite their 
structural unity. In the north, at least, the barrier presented by the 
eastern margin of the massif can be crossed readily and at relatively 
short intervals. Thus areas which are physically part of the massif 
have been drawn into the economic orbit of centres in the Loire and 
Rhéne-Saéne valleys, more particularly the latter. Furthermore, the 
Cévennes in the south fall within a wholly different climatic province 
from the northern areas and might be separated from them on this 
ground. | 

In the north is Morvan, a north-eastern projection of the massif 
rising to go2 m. (Fig. 41). This is an upland of crystalline rocks 
covered by woodland, moorland and poor hill pasture. The crystalline 
core is bordered by a narrow band of Liassic marls, which form a 
depression, surrounded beyond by Jurassic limestones. Here lie 
several pays—Terre Plaine, Auxois and Bazots—which include the 
limestone, the marl and the crystalline upland in old-established 
economic units. A depression, coincident with the syncline of the 
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Fig. 41. Perspective diagram of the Morvan, looking a 
Based on O. Barré, L’ Architecture du Sol de la France, p. 158 (Paris, 1903). The distance between Autun and Chalon-sur-Sa6ne 


is 46 km., that between Bar-sur-Seine and Langres is 78 km. (See also Plate 28.) 
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Autun coalfield, forms the southern limit of Morvan, but granitic 
uplands continue to the south of Autun. Farther still to the south, 
the first major break, in relief and structure, is the Creusot syncline, 
which preserves important coal measures. 

To the south follows the Charolais upland, with its crest-line 
alined from north-east to south-west in harmony with the Hercynian 
grain. The general plateau level is lower than in Morvan or in 
Beaujolais to the south, and rarely exceeds 500m. ‘The eastern 
section of the upland is poor granitic country, but, in the west, 
Jurassic limestones afford pasture for stock rearing. Between 
Charolais and the Rhéne valley lies the Jurassic limestone area of 
Maconnais rising to 576m. The greater part of this, however, is 
between 250 and 500 m., and there are vineyards on its slopes. 
The succeeding upland mass—Beaujolais—trises to 1012 m. in Mont 
St Rigaud, but its higher parts are uniformly of poor granitic rocks. 
Only in the broad trench of the Azergues-Grosne valleys are better 
conditions of soil and surface found. Here, however, as in the 
similarly constituted Monts du Lyonnais, beyond the valley of the 
Brevenne, domestic textile industry and small factories are tributary 
to the great centre at Lyons. 

The St Etienne depression repeats in structural form and mineral 
content all the features of the Creusot area. Drained eastwards by 
the Gier and westwards by the Furens, it affords passage to road 
and railway, while its coalfield is the third largest in France and 
serves as a basis for metallurgical, as well as for silk and cotton 
manufactures. South of the St Etienne depression, the Monts du 
Vivarais, rising to 1551 m. in Mont Gerbier de Jonc, repeat the 
features of the more northerly crystalline massifs. In part, however, 
the upland is built of lava flows extending east of the basin of Le Puy. 
The crest line trends south-westward and thus begins to diverge from 
the Rhéne valley, though a highly dissected foot-hill zone extends 
down to the river. Evidence of the vigour of erosion is given by 
the remarkable spur of the Coirons, capped by lava which projects 
towards the valley from the main plateau edge (Fig. 42). The climate 
here approaches the Mediterranean type, so that the mulberry tree 
can be grown and the silkworm reared. 

The features of form and climate foreshadowed in Vivarais reach 
their climax in the remarkable fault-line scarp of the Cévennes. The 
eastern edge of the massif is a fault-line scarp through its entire 
length from Morvan southwards. In the Cévennes, however, 
tributaries of the Rhéne, and streams like the Hérault draining to 
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the Mediterranean, with their steep gradients, have been able to 
push back and emphasize the scarp, and to etch its face into fantastic 
gully forms. The crest region of the Cévennes exceeds 1700 m. in 
Mont Aigoual and in the Lozére mass. Both these summits are of 
granite, but much of the crest and back-slope of the range are formed 
of relatively soft slates which are peculiar to the region. On the 
great dissected frontal slope a number of sharp. geographical con- 
trasts are presented. The plain below shows truly Mediterranean 
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Fig. 43. The chestnut woods of the Cévennes (drawn from a photograph) 


In the foreground lies the village of Vialas (607 m.) at the lower edge of the chestnut 
woods which rise to a height of about g00 m. Above them there is oak scrub which 
is succeeded in turn by dwarf beeches and then mountain pasture. Towering over 
all is the granite rock of Trenze (1200 m.). 


conditions, with olives, mulberry, vine and wheat. These extend up 
the major valleys, but are succeeded upwards by a broad zone of 
chestnut woodland between about 400 and 800 m. Here lie numerous 
isolated upland villages (Fig. 43). Above is a zone formerly occupied 
by beech forest; but some of this forest has been cleared to make room 
for the food-bearing chestnut ; and the depredations of grazing animals, 
combined with active gully erosion, have prevented its re-establish- 
ment. Only on and beyond the crest, where active erosion has not 
penetrated, is there a cover of grass, affording summer pasture to 
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sheep from the plain. Small market centres lie where the valleys 
open to the plain, but in the valleys of the Gardon and the Céze, the 
coal resources of the Alés field have put an industrial stamp on the 
landscape around Grand Combe and Bességes. 


THE CENTRAL MassiF: SOUTHERN AREA (Fig. 32) 


From the southern slopes of the lava plateau of Aubrac, looking 
southward across the valley of the Lot, the view embraces novel 
features of landscape characteristic of the southerly limits of the 
massif. Both climate and rock combine to render this area notably 
different from its upland neighbours. Here is a plateau cut largely 
in crystalline schists. The climate is much drier than in the northerly 
crystalline plateau, and the widely grown rye (seigle) explains the 




















Fig. 44. The River Lot near Cahors (drawn from a photograph) 


The river follows a meandering course through the Causses, and the monotonous 
levels of the Causses plateaux can be seen on the horizon. The contrast between 
the concave and convex banks of the river stands out clearly. In the middle 
distance the tributary valley of the Célé can be seen joining that of the Lot. (See 
also Plate 31.) 


regional name, Ségalas, applied to the plateau. Farther south, beyond 
the Tarn valley, ancient rocks are also widely spread, though here 
they are of different constitution; the pre-Cambrian mass of Montagne 
Noire (schists and granite) is flanked by Cambrian outcrops, including 
limestones, both on the north and the south. The climate is even 
drier than in the Ségalas, and the surface is covered with Mediterranean 
scrub (maquis) and with short grass suitable for sheep pasture. The 
seaward slopes are strongly dissected as in the Cévennes. 

The most striking landscape type of the south, however, is pro- 
vided by the Jurassic limestone plateaux of causses (Fig. 44). The chief 
limestone area lies athwart the headstreams of the Lot and the Tarn, 
where the general level of the plateau surface is between 800 and 
1000 m. It is cut by steep river gorges into separate blocks—the 
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Causse de Sauveterre, the Causse de Larzac, etc. The plateau is 
almost destitute of soil save where residual red clays have collected 
in great solution pits (dolines or avens). Elsewhere there is a scanty 
grass cover which affords sheep pasture (Plate 30). The drainage 
of the area is mostly underground, passing in a network of channels 





Fig. 45. Rivers of a portion of the south-western edge of the Central Massif 


The contrast between the drainage of the impermeable rocks north of the Lot 
and that of the Causses to the south stands out clearly. Between the Lot and the 
Aveyron is the Causse de Sévérac. 


and caves to the rivers which flow at the bottom of precipitous ravines 
(Plate 29). In its upper course through the Causses, the Tarn 
receives no surface tributaries, but in a stretch of 50 km. it receives 
no less than thirty underground affluents (Plate 31). ‘The contrast 
between the drainage of the impermeable rocks north of the upper 
Lot and that of the Causses is shown on Fig. 45. 
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Plate 31. A limestone gorge near Florac 


The river Tarn flows through gorges, many parts of which are much deeper than 
this, for a distance of 83 km. between Florac and Maillau. 





Plate 32. Foothills of the western Pyrenees 


The Frontal Zone (see Fig. 48) of the western Pyrenees consists of rounded hills 
of Upper Cretaceous limestones, 250-1,000 m. high. The hills are covered with 
pasture and the lower slopes are wooded; Basque farms occur here and there. 


Oxen, used extensively as draught animals in southern France, are protected against 
insect bites. 


85 
THE PYRENEES 


The range of the Pyrenees extends for nearly 400 km. from the shores 
of the Bay of Biscay to those of the Mediterranean Sea. It con- 
stitutes the most plainly marked of the frontiers of France, for the 
mountains form an abrupt rampart above the plains of Aquitaine, 
and afford crossing places only at rare intervals. Nevertheless, the 
mountain zone is narrow compared with that of the Alps; it attains 
a width of 80 km. in the centre, 30 km. in the west, while the most 
easterly prong (Mont d’Albéres), which extends to the Mediterranean 
coast at Cap Cerbére, is barely 10 km. wide. For the most part the 
main crest constitutes the Franco-Spanish frontier; the principal 
exception to this is the Val d’Aran in Spain which contains the 
headwaters of the Garonne (Fig. 46). 


GEOLOGICAL STRUCTURE 


The Pyrenees form part of the great system of ‘Tertiary mountains 
in Europe, but their folding slightly preceded that of the Alps. 
After the main folding, renewed movements of uplift took place in 
the Pyrenees at several dates. At a late stage in its structural history, 
great subsidences, incidental to the formation of the western 
Mediterranean basin, affected the eastern end of the range. Thus the 
collapse of the area which now forms the Golfe du Lion separated 
the Pyrenees from their natural continuation in the mountains of 
Provence. Similar though smaller subsidences are represented in 
the Roussillon plain and the upland basins of Cerdagne and Capcir. 

In detail, the structure of the Pyrenees is of considerable com- 
plexity and, like that of the Alps, involves great recumbent overfolds 
or ‘nappes’ which have travelled horizontally along planes of sliding; 
old rocks have thus been thrust forward to rest on younger rocks. Thus 
near Gavarnie, the lower valley slopes reveal the crystalline rocks of 
the old Hercynian floor; resting on these are Upper Cretaceous 
limestones, succeeded in turn by a great mass of highly disturbed 
Palaeozoic rocks thrust from the north over and against the Cretaceous 
rocks which form the Spanish mountains beyond the frontier. In 
this way a striking contrast in scenery is brought about at the 
frontier, which is here the watershed. The southern or Spanish side 
shows great plateau blocks of limestone (Cretaceous and Eocene), cut 
by winding canyons; while to the north lies a wilderness of peaks, 
corries and valley troughs cut in Palaeozoic rocks. Similar sharp 
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contrasts in scenery recur throughout the range wherever markedly 
differing rock types have been brought into juxtaposition by folding. 

Three longitudinal zones of structure determine the bolder 
outlines of the range (Fig. 48). The succession of these zones is best 
developed east of the Garonne, in the department of Ariége, and their 
characteristics can be summarized as follows: 

(1) The axial zone gives rise to true mountain country; granites 
and resistant schists form the dominant masses, with intervening 
saddles on the Palaeozoic slates. The old rocks of this central zone 
are flanked by Mesozoic and early Tertiary sediments. A belt of 
Devonian slates and limestones forms a trough of relatively low 
ground between the axial zone and the innermost ranges of the 
succeeding Ariége zone. 

(2) In the Ariége zone, the Mesozoic cover of the Pyrenees is 
infolded with the older rocks, so that narrow strips of Jurassic and 
Cretaceous limestone and marl alternate with Palaeozoic slate out- 
crops and with elongated massifs of crystalline type (granite and 
schist). The result is a series of east-west outcrops with the more 
resistant elements forming ridges between discontinuous vales. In the 
central Pyrenees, this zone forms the frontal ranges and here it is 
dominantly a limestone country. 

(3) The external or frontal zone (ranges of Petites Pyrénées, 
Plantaurel, etc.) is composed of Cretaceous limestones and marls 
with associated Eocene deposits. The folding here is of relatively 
gentle type, recalling that of the Jura, and giving rise to sharp 
limestone crests (500-750 m.) and narrow intervening vales. West of 
the Garonne, the continuation of this zone is buried beneath the 
great late Tertiary fan of Lannemezan (p. 57). Only in the extreme 
west, towards Bayonne, does the frontal zone of gentle folding re- 
emerge. 


SCULPTURE AND LAND ForRMS 


As in all similar regions of young folded mountains, the torm of the 
ground only in part reflects the underlying structural features. The 
conspicuous elements which strike the eye of the observer and con- 
trol the life of the inhabitants are the products of later sculpture. 
The pattern of the drainage is simple. The main streams of both 
the French and the Spanish slopes are transverse in direction and 
evidently consequent upon the general axial uplift. With a few 
exceptions, major longitudinal valleys are conspicuously absent; this 
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is in great contrast with the Alps, and the result is to make the 
Pyrenees less easy to penetrate. 

The major features of valley pattern are of pre-glacial fashioning, 
but heavy Pleistocene glaciation has emphasized, and locally modified, 
the relief. Although the existing snowfields and glaciers of the 
Pyrenees are restricted in area, they are the remnants of vastly 
extended ancestors. All the transverse valleys of the axial zone served 
as outlet channels for ice streams flowing from the central snowfields. 
A wholly typical set of glacial forms has thus come into being. The 
peaks, when fully developed, are of pyramidal type and around them, 


Tres Se = 
Seu tines Zi 
TRANS WH : MN ee 


fie ZL; 
i twee ee, 


AM 





Fi anu” 


: oe ST Sl 

= = = MS oe — eS 
o. So LE ips 

ee SS 


ye >> 
AQ a 7. > 
eee 9 
ve 
Sen 


Wits! IN: 
J me 
Pata, © 1/ ee fs f fal 
patie yee 
SEER: OS) be 
ORS Nn 5 
\ ~ Ke 
\\ BN = 
2S ee 
oao See = 


3 ee. 
2 U 
i Yar ines 3 SNS REE ENS = ogS 


Fig. 47. eee de Gavarnie (drawn from a photograph) 


Gavarnie lies at the head of the valley of the Gave de Pau, and at the foot of Mont 
Perdu. The stream falls from the mountain in a cascade some 450 m. high. 





and at the heads of the main valleys, are well-developed cirques, 
e.g. Cirque de Gavarnie (Fig. 47), and Cirque de 'Troumouse at the 
head of the Gave de Pau.* 

The transverse valleys themselves were overdeepened to trough 
form, and their tributaries hang, sometimes in spectacular fashion; 
thus a stream on the Carlit massif, east of the Ariége, spills from 
a rock tarn (Etang de Naguille) for nearly 1000 m. down to the floor 
of the main valley. 'The valley profiles are broken by rock bars, giving 
rise to rapids and falls in the streams, and the wider parts of the 
valleys are thickly covered with glacial drift. The whole assemblage 


* The Pyrenean rivers are locally called gave, i.e. torrent, mountain stream. 
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of glacial forms, so familiar in the Alps, implies conditions favourable 
to the development of hydro-electric power. Further, the glaciation 
of the main valleys has resulted in level valley floors, steep forested 
slopes, and grass-covered upland shoulders; these three elements 
form the physical basis of the human economy of the mountains. 
The upper valleys are wholly pastoral, with water meadows below 
and summer pastures above. Lower down, however, the cultivation 
of rye, maize and fruit (apples, etc.) makes its appearance. 


REGIONAL DIVISIONS 


Although the structural zones of the area run longitudinally, it is 
most convenient in a regional description to distinguish the central 
Pyrenees from their eastern and western terminations. It is usual 
to regard the western Pyrenees as extending as far east as the Somport 
Pass (1,640 m.) at the head of the Val d’Aspe. West of this point the 
general crest level does not exceed 2,000 m. and the passes are 
relatively low (e.g. the Roncesvalles Pass, 1,090 m.). The central — 
Pyrenees extend eastward to the Col de la Perche (1,577 m.) between 
the Tet and Segre valleys. Here, many peaks rise to 3,000 m., and 
for 170 km. there is only one pass below 2,000 m. (La plan de Direts, 
1,879 m.). In the eastern Pyrenees the higher peaks are more widely 
separated, and the subsidences of the Mediterranean border introduce 
novel elements into the relief, in the form of intermontane basins 
and considerable longitudinal valleys. 

This threefold division of relief is emphasized by marked climatic 
contrasts between the two ends of the range. At the eastern end, a 
true Mediterranean climate, with a marked summer drought and a 
distinctive vegetation, dominates the low ground and extends up the 
major interior valleys. The western Pyrenees, however, are Atlantic in 
climatic type with a heavy rainfall showing a winter maximum. The 
great central tract of mountains is thus transitional between widely 
contrasted extremes. Some elements of the Mediterranean flora 
persist in the dry limestone terrains, but the cultivated crops of the 
valleys are of western or central European type. 


The Western Pyrenees (Fig. 48) 


‘The Pic d’Anie (2,504 m.), though it lies to the west of the Somport 
Pass, is really an outpost of the central Pyrenees, sculptured partly 
from Cretaceous and partly from Palaeozoic rocks. Westwards, no 
dominating peaks occur; there is but a high-level plateau of limestone, 
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generally below 2,000 m. The older rocks of the axial zone are for 
a time very restricted, though they expand again westward, in the 
core of the Basque country, where they are wrapped round by red 
Permo-Trias sandstone. In the valleys, vine and maize are grown, 
while woodlands of chestnut flourish on the slopes. At higher levels, 
on the plateau, are remnants of extensive ash forest; the destruction 
of much of this is due to the use of young shoots as cattle feed, and 
its place has been taken by wastes of high-growing bracken. Wide 
stretches of good grazing land are also found at these higher levels. 


The Central Pyrenees (Fig. 48) 


East of the Pic d’Anie the great glacially sculptured massifs of 
the axial zone of the Pyrenees range eastward with peaks over 3,000 m. 
high until finally P. Carlit (2,921 m.) overlooks the upper valleys 
of the eastern Pyrenees. Apart from the peaks, the dominating 
features in this area are the transverse valleys. Almost without 
exception they fall steeply in their upper courses from great cirques, 
above which high-level cols lead over into Spain. ‘These steep upper 
courses facilitate the development of hydro-electric power. The- 
valleys widen locally into basins, floored with glacial drift, and 
frequently blocked at their lower ends by rock bars or moraines that 
marked stages in the advance or retreat of the ice. Where they 
coincide with less resistant rocks, the main rivers sometimes swerve 
longitudinally for a few miles, or receive longitudinal tributaries. 
Along the northern foot of the outer limestone ranges there is, in 
places, a veritable frontal trench, a major longitudinal feature along 
which the rivers tend to turn. The main rivers must now be 
considered in turn from west to east. 

In the extreme west, the Gave d’Aspe drains northwards from the 
Col de Somport (Plates 33, 34). Its neighbour and affluent, the 
Gave d’Ossau, falls nearly 75m. per km. for 20 km. before it 
reaches its first true valley plain; beyond the marginal limestone 
ranges, it turns west along the frontal trench to join with the Aspe 
and so form the Gave d’Oloron (Plate 35). 

The Gave de Pau is the most famous of the Gave valleys. After 
crossing the limestone zone it emerges on the plain below Lourdes, 
where, like the Gave d’Ossau, it turns sharply west along the frontal 
trench, diverted from its old northward course by high morainic 
ramparts (Plate 36). 

The next group of transverse valleys is that of the Adour and its 
headstreams. ‘These hardly penetrate the core of the range, and make 





Plate 33. The village of Accous 


The village is situated in the Gave d’Aspe (western Pyrenees), at a height of 460 m. 
above sea level. There is heavy winter snowfall, but little survives beyond mid-June 
except in north-facing gullies. This view, looking east, was taken in late spring. 





Plate 34. The upper part of the Gave d’Aspe 


The valley is surrounded by rugged peaks, the lower slopes of which are thickly 
wooded. The photograph shows the uniform summit level of the range. The road 
in the foreground crosses the Somport Pass into Spain. 





Plate 35. Pic du Midi d’Ossau 


Because of its unusual isolation, this is one of the most striking peaks in the 
Pyrenees. It is an andesite mass surrounded by relatively soft carboniferous slates. 
The main summit reaches 2,885 m. The Petit Pic (to the right) is 2,790 m. In 
the foreground is the torrential stream of the Gave d’Ossau. 





Plate 36. View near the Col de’ Tourmalet 


The Col de Tourmalet (2,114 m.) crosses a northern spur of the central Pyrenees 
from Luz in the Gave de Pau to Bagnéres in the Val de Campan. The photograph 
shows the dissection of the landscape by the torrential streams and the almost 
complete absence of snow in summer. 
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a fairly direct crossing of the frontal Cretaceous ranges—the pays 
known as Bigorre—to emerge in the Tertiary plateau country near 
Tarbes. | 

Farther east, the Neste and the Upper Garonne are typical 
members of the group of transverse valleys. The headstreams of the 
Garonne lie beyond the frontier, which here (Val d’Aran) forsakes 
the highest central crest in favour of a lower and more continuous 
ridge. After a long succession of alternating basin and gorge, the 
Garonne enters the frontal trench, where it receives the Neste 
d’Aure, and turns sharply east until it resumes its transverse course 
across the Petites Pyrénées. A broad trench leads across the 
Tertiary plateau to Toulouse, 40 km. downstream. 

The Ariége is the last of the great transverse streams of the central 
Pyrenees. It flows in part along a truly longitudinal valley developed 
in a belt of softer rocks (Palaeozoic slates and Cretaceous marls). It 
remains within the zone of older rocks until it cuts through the lime- 
stone range of the Plantaurel and so proceeds north-west to ‘Toulouse. 


The Eastern Pyrenees (Fig. 48) 


The most notable scenic contrast between the eastern and 
central Pyrenees lies in the vegetation, the direct result of climate. 
Forests of ash and beech are replaced by the cork oak, the 
Hermes oak and the Mediterranean chestnut, together with the 
ubiquitous broom and the many drought-resisting species which 
characterize Provence. Similarly, in agricultural economy, the plain 
of Roussillon is an appendix to the Mediterranean coastal plain; 
wheat, vine and olive take the place of maize, rye and apples, 
while the cultivated area is controlled entirely by the possibility of 
irrigation. ‘The eastern Pyrenees do not lack, however, a certain 
individuality. The valleys.of the ‘Tech, the Tet and the Agly are 
definitely longitudinal, the last-named river, in its middle and upper 
course, etching out a belt of lowland in Cretaceous marls (Fig. 68). 
This great longitudinal feature really marks the northern structural 
limit of the true Pyrenees and is in some sense the local representa- 
tive of the frontal trench to the west. The mountainous country 
of Corbiéres which shuts in the Roussillon plain on the north has a 
core of Palaeozoic rocks. This may be regarded as an up-jutting 
splinter of the Hercynian floor—an outlier of the Central Massif 
rather than a part of the true Pyrenees. 

The several distinct elements of the eastern Pyrenean complex 
stand out clearly on a relief map. On the south, the crystalline prong 
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of Mont d’Albéres, thickly forested, forces the railway between 
Perpignan and Barcelona to follow the coast. The prong is almost 
bisected, however, by the low Perthus pass (279 m.) which carries 
the road to Spain. The middle valleys of the Tech and Tet lead 
eastward into the Roussillon plain on either side of the Canigou 
massif. Into both, Mediterranean influences and irrigated cultivation 
extend, and each constitutes distinctive valley pays, known respectively 
as Vallespir (Tech) and Conflent (Tet). ‘The Tech corridor ends 
almost blindly in the mountains, but the Tet route leads up to 
the Col de la Perche (Plate 38), which lies near the junction of two 
distinctive intermontane plains, both of them due to foundering in 
late Tertiary times; the pastoral basin of Cerdagne, drained by the 
Segre, lies athwart the frontier; the similarly elongated depression 
of Capcir is drained northwards by the Aude. Both basins are 
surrounded by forested slopes, but their floors are covered with 
meadows and irrigated orchards. 


THE FRENCH ALPS 


The mountains of south-east France form part of the great European 
mountain system of the Alps. ‘The Franco-Italian frontier follows 
almost exactly the watershed between the rivers draining west to the 
Rhone and east to the Po respectively. This watershed lies well to 
the east, and therefore most of the High Alps between Lake Geneva 
and the Mediterranean Sea (some 400 km.) are in French territory; 
the full width of the Alpine zone between Lyons and Turin is about 
190 km., and about four-fifths of this zone lies within France. 

The French Alps contain some of the greatest mountain masses 
in the whole Alpine chain, not only on account of the height and 
grandeur of their peaks, but also because of their extensive snowfields 
and numerous glaciers; Mont Blanc rises to 4,807 m. But despite 
their size and their height, the French Alps are not so effective 
a barrier as the Pyrenees. Great valleys, opening into the heart 
of the mountains, lead to passes which have been established routes 
from the earliest times. 


GEOLOGICAL STRUCTURE 


The French Alps are built for the most part of sediments which, 
while they bear the same names as equivalent rocks elsewhere in 
Europe, were accumulated under radically different conditions, and 





Plate 37. The Carlit massif 


This shows the relatively level plateau surface of the central Pyrenean massifs. 
In detail, these uplands reveal considerable irregularity, due chiefly to the effects 
of glaciation. The Lac des Bouillouses in the centre of the photograph occupies 
a hollow of glacial origin. 





Plate 38. Col de la Perche 


The col (1,577 m. above sea level) forms a relatively easy motor route between the 
basins of Conflent (valley of the river Tet) and Cerdagne (valley of the Ségre). 
The Franco-Spanish frontier here lies south of the watershed; as a result, both 
sides of the col are in France. The grassy slopes near the col are used as summer 
grazing for cattle, which return to the lower valleys in winter (transhumance) 
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Plate 39. Landscape near Lake Annecy 


The pre-Alpine zone of limestones fades westwards towards the Rhéne valley into 
gently undulating uplands. The area is used chiefly for grazing, and fodder crops 
are grown extensively. 





Plate 40. The Gorges de la Bourne at Pont-en-Royans 


The river Bourne, a tributary of the Isére, flows for nearly 40 km. across the 


Vercors massif in a series of limestone gorges, at the end of which stands Pont-en- 
Royans. 
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are hence of different thickness and character. While shallow seas 
spread over the Hercynian floor of north-western Europe during 
Mesozoic times, this same floor plunged southwards beneath a deep 
ocean known to geologists as the Tethys. Extending roughly in an 
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Fig. 50. Diagrammatic section to illustrate the formation of the Alps 


Based on L. W. Collet, The Structure of the Alps, p. 20 (London, 1935). The stages 
are as follows: 

1. The beginning of a nappe (B) is apparent. In plan, this would appear as an 
island arc with sea on either side. Deposition continues at A and C. To the left 
is the much folded stable Hercynian block of Europe. 

2. There is a further development of B and also the appearance of a new nappe C. 

3. By this stage there has been a great development of nappe B and also of a 
third nappe D. Starting as simple anticlines these nappes have become great fold 
complexes pushed forward over thrust planes. The contraction of the ocean trough 
allows the rigid area to the south to be shown. 

4. Nappe C has developed, and the whole system advanced in complication. 
To the left, the edge of the Hercynian block has ‘splintered’. 


east-west direction between the old European mainland and a 
southern land mass now represented by Africa, this ocean trough 
became the receptacle for vast thicknesses of Triassic, Jurassic, 
Cretaceous and early Tertiary rocks, dominantly limestones. Even 
as early as Jurassic times there is evidence that the two opposite 
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continental margins of the ocean were being forced to approach one 
another under the influence of general crustal contraction. Asa result, 
island arcs appeared in mid-ocean, representing the ridging up of the 
floor deposits under the influence of the gathering stresses (Fig. 50). 
These movements continued until, in mid-Tertiary times, the 
southern edge of the great trough moved northwards towards, and 
locally over, the northern edge, causing intense folding and thrust- 
faulting in the great accumulation of Mesozoic sediments. The 
resulting geological structure long proved almost impossible to 
interpret, but the labours of geologists have done much to clear up 
the geological history in recent years. Here, as in the Pyrenees, the 
unit of structure is the recumbent fold or nappe (Fig. 51), often 
associated with planes of thrusting over which vast rock masses have 
been driven forward for many miles (Fig. 50). 

No adequate account can be attempted here of the complex groups 
of nappes which have been traced from end to end of the Alps. 
Nor are such researches of immediate assistance in the study of the 
present surface. It must be sufficient to describe the major structural 
zones which determine the principal features of the relief. One im- 
portant basic principle should, however, be noted. Rocks of the same 
age—say Carboniferous or Liassic—recur with entirely different 
characteristics in adjacent structural zones. This results naturally 
from the fact that, although now juxtaposed by intense crumpling, 
they originally accumulated in widely distant parts of the old ocean 
floor at varying distances from the coast and in different depths of 
water. Further, some of them have been converted into crystalline 
schists during the intense heat and pressure that accompanied the 
earth movements. Thus a simple geological map which records 
merely the age of the strata concerned is of only limited service in 
the Alpine zone. For this reason alone, discrimination of the main 
structural zones is necessary, and it quickly appears that the boun- 
daries between them coincide in many cases with striking changes 
in scenery. Between the Rhone valley and the frontier there are four 
main structural zones (Fig. 55). 

(1) The pre-Alpine Zone. ‘This is composed of Jurassic and 
Cretaceous deposits, chiefly limestones, and is thrown into com- 
paratively gentle folds similar to those of the Jura (Fig. 52). As in the 
Jura (p. 114) transverse narrow valleys called cluses are a feature (Fig. 
53). Lhe zone maintains a width of 20-30 km. from the shore of Lake 
Geneva southwards to the Dréme valley. Beyond this line, the zone 
broadens to some 100 km., and the constituent ranges swing round 
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Fig. 51. Diagram to illustrate stages in the formation of a thrust 
Based on L. W. Collet, The Structure of the Alps, p. 10 (London, 1935). The 


change in the relative positions of e and x serves to measure the movement. 
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Fig. 52. Diagrammatic sections across the pre-Alpine zone 
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Fig. 53. Acluse near St Jean-de-Sixt in Haute-Savoie seen from a knoll in the 
cultivated Val de Thénes (drawn from a photograph). The transverse gorge 
has been cut by the River Borne. (See also Plate 40.) 
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from a north-south to an east-west trend, skirting the head of the Terti- 
ary embayment around Digne, to expand beyond in the ranges of the 
High Alps of Provence and the Maritime Alps. In this neighbourhood 
the calcareous ranges of the true Alps adjoin the earlier folded ranges 
of western Provence, genetically a continuation of the Pyrenees (p. 85). 

(2) The Zone of Hercynian Massifs. In this zone gigantic splinters 
of the Hercynian floor of Europe were caught up in the Alpine 
movements and forced into the sedimentary cover. Later erosion 
has laid them bare, revealing rocks identical with those of the Central 
Massif—granites and crystalline schists, with infolded tracts of coal- 
bearing rocks (Fig. 54). The granites form rock faces and jagged 
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Fig. 54. Diagrammatic section to illustrate the structure of the 
interior zones of the French Alps 


The vertical scale is not greatly exaggerated and this emphasizes the insignificance 
of the surface relief compared with the great folds that plunge deeply beneath the 
surface. 


pinnacles rising from the snowfields which cover the broad bases of 
crystalline schists. The chief northerly representative of these crystal- 
line massifs is that of Mont Blanc, separated by the narrow Chamonix 
valley from the smaller mass of the Aiguilles Rouges. Thence 
southwards, for nearly 100 km., the elongated range of Belledonne 


_ forms a rampart between the Isére valley and the mountains of the 


Brianconnais zone. Immediately east of the southern end of this 
chain lies the great Pelvoux massif which marks an important turning 
point in the trend of the Alpine range from NE-Sw to NW-SE. South of 
the Pelvoux there is a break of some 60 km. in the line of crystalline 
massifs till Mercantour is reached, lying athwart the French-Italian 
frontier near its southern end. The Maures-Esterel massif of the 
Riviera coast is a similar Hercynian mass embedded within the ranges 
of Provence. 

(3) The Briangonnais Zone. ‘his, in its western part, includes 
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Fig. 55. The regions of south-eastern France 


Land over 250 m. above sea level is shaded. The thick line provides a generalized 
indication of the edge of the older masses, except that those within the Alpine folds 
themselves are not marked (compare with Fig. 54). Le Creusot and St Etienne are 
marked. For the four Alpine zones see pp. 96-102. 
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Fig. 56. The geology of south-eastern France 
Based on the Atlas de France, plate 7 (Paris, 1939). 
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great masses of the soft Tertiary sandstones known as flysch, but, 
farther east, coal-bearing Upper Carboniferous rocks are infolded with 
Mesozoic sediments. In France this zone is developed only in the 
central part of the region (see Fig. 55), and rises in many places to 
heights over 3,500 m. 

(4) The Piedmont Zone. ‘The Piedmont Zone of the Alps is de- 
veloped mainly in Italy and figures prominently within the French 
frontier in two localities only, viz. (1) on the south-western slopes of 
the Graian Alps, about the headstreams of the Isére and Arc, and 
(2) on the western side of the Cottian Alps, in and around the Guil 
valley. ‘The zone is made up of crystalline rocks representing sediments 
altered in the course of the earth movements, and is thus quite distinct 
from the more ancient crystalline rocks of the Hercynian basement. 
The chief formation is that of the ‘Schistes Lustrés ’ which are altered 
sediments, probably Mesozoic in age, but Carboniferous rocks, 
converted into gneiss, are also present. 

‘These successive structural zones establish a certain longitudinal 
graining. In all essential respects, however, the most important con- 
trast is between the pre-Alpine calcareous ranges and the High Alps, 
comprising the other three zones. ‘The contrast is emphasized by 
a remarkable longitudinal feature, the ‘sub-Alpine furrow’ which 
lies in the rear of the limestone mountains and is traceable from near 
Chamonix to Grenoble and beyond. In the Grésivaudan (middle 
Isére valley), where it is best developed, this feature is sometimes 
referred to as the ‘Liassic depression’, but it also contains other 
Jurassic marls and shales. Here and elsewhere the furrow has been 
emphasized by river erosion, but basically it is the expression of 
a major structural boundary within the Alpine folds (Fig. 62). 


Land forms and Sculpture 


The structural zones provide the main framework of the relief, but 
the more immediately striking land forms result from the dissection 
of this complex mass by river action, emphasized and locally modified 
by heavy glaciation. 

River action. 'The valleys of the area form a relatively simple and 
comprehensible network, having definite relations to the structure 
(Fig. 57). The central ranges stand highest, and must from the 
beginning have separated two general slopes, one gently inclined 
towards France, and the other descending much more steeply 
toward the Italian plains. It is possible, however, that original longi- 
tudinal valleys may have developed in the neighbourhood of the 
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Over 1000m. 





Fig. 57. The river system of the French Alps 
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present sub-Alpine furrow and along parts of the Briangonnais zone. 
However this may be, it is certain that later adjustments of drainage 
took place through the development of longitudinal rivers along belts 
of less resistant rocks. 

In the north there is a notable series of transverse valleys which 
carve the pre-Alpine limestone zone into separate blocks. Thus the 
Chablais upland lies between the shore of Lake Geneva and the 
Arve, and is succeeded southwards by the Genevois upland, the 
Annecy valley, the Bauges upland and the Chambéry valley, while 
the great valley of the Isére below Grenoble separates Grande 
Chartreuse from Vercors. South of the Dréme the pre-Alpine zone 
widens considerably to include the uplands of Diois and Ventoux. 

To the east of these outer massifs lies the sub-Alpine furrow in its 
clearest development, occupied in turn by the upper Arve, the Arly, 
the middle Isére and the Drac. South-east of the furrow are the 
great interior valleys of the upper Isére, the Arc and the Romanche. 
All three are, on the whole, transverse to the structure, though the 
Isére turns longitudinally for 25 km. in the Brian¢gonnais zone between 
Bourg St Maurice and Moutiers. ‘The water from all these interior 
valleys is discharged to the Rhone by a single exit below Grenoble, 
being gathered and conveyed thither by the longitudinal middle 
Isere. Here, obviously, is evidence of river capture, supported by the 
presence of the broad troughs of Chambéry and Annecy, which 
to-day carry no through drainage. 

In the south, the master stream is the Durance, and like the Isére 
it shows signs of being a composite stream. Its headwaters, above 
Mont Dauphin, pursue a dominantly longitudinal course in the 
Brianconnais zone. ‘The Romanche (Fig. 59) and the Upper Drac, 
draining westward from the Pelvoux, are thus cut off from the great 
central water parting on the frontier, and may represent beheaded 
transverse streams which yielded their headwaters to the developing 
Durance at some past date. The main left-bank tributaries of the 
Durance are definitely transverse, as is the main stream itself from 
Mont Dauphin to 'Tallard. From here it swerves southwards into a 
longitudinal course about Sisteron, until it emerges in the Tertiary 
country around Digne whose rocks represent an extension of the late 
Tertiary sea that occupied the Rhone valley. 

North of the Durance, the drainage of the frontal calcareous ranges 
in Dauphiné is shared by the southward-flowing Buech and by a 
series of streams, of which the Dréme is typical, draining directly 
westwards to the Rhéne. South of the Durance, the most notable 
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Fig. 58. The foot of the Argentiére glacier (drawn from a photograph) 


The lateral moraine on the left bank of the glacier stands out clearly. The stream 
draining from the glacier through the debris of the terminal moraine is the source 
of the Arve. 
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feature is the transverse water parting which separates the valley 
of the Ubaye from those of the southward-draining Verdon and Var. 
The first-named stream turns westward via Castellane to join the 
Durance, while the Var turns eastward through Puget-Théniers and 
so southward across the Maritime Alps to the coast near Nice. 
Glaciation. The largest group of present-day glaciers in the French 
Alps is that of the Mont Blanc area, partly in France and partly in 
Italy. The biggest glaciers are on the French side—the Mer de Glace 
and the Glacier d’Argentiére (Fig. 58). The former is about 6 km. long 
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Fig. 59. The valley of the Romanche near Auris-en-Oisans 
(drawn from a photograph) 


The valley is U-shaped; on the left, a winding road is cut in the solid rock. 


and from 1 to 14 km. broad. It is fed by three other glaciers flowing 
from the snowfields above. ‘I'wo other groups of glaciers deserve men- 
tion—that of the Pelvoux and the smaller icefields of the Vanoise. 
In addition to these, there are numerous smaller snowfields and 
incipient glaciers indicated on Fig. 60. Some of these glaciers extend 
considerably below the permanent snow-line, which varies from 
about 2,500 to 3,000 m. In winter, of course, the whole area is at 
times covered with snow, more particularly the districts above 
1,000 m. (Plates 41, 42, 43, 44). 

These glaciers of to-day are but the greatly shrunken remnants 
of much more intensive glaciation during the Quaternary Ice Age 





Over 1000 m. 
Re Present snowfields 


—— Maximum extent of 
Quaternary glaciati on 
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Fig. 60. Comparison of the Quaternary glaciation with the 
present snowfields in the French Alps 


Based on the Atlas de France, plate 10 (Paris, 1939), with some additions from 
E. de Martonne, Les Alpes, p. 42 (Paris, 1926). The main snowfields of the French 
Alps are situated in the massifs of Mont Blanc (A), Vanoise (B), and Pelvoux (C). 
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(Fig. 60). This former glaciation has left ample mark upon the 
landscape. The long-continued ice erosion alternating with normal 
water action in the milder inter-glacial intervals brought about a 
great change in the form of the valleys. ‘The V-shaped valleys of 
pre-glacial times were widened, deepened and converted to a 
U-shape (Plate 43). As a result of this glacial action, tributary streams 
now descend steeply to their junction with the main rivers in falls 
or rapids (Fig. 61), making possible a considerable development of 
hydro-electric power. The’ main valley troughs have become 
divided into a series of ‘basins’, sometimes occupied by lakes 
(Annecy, Bourget) and separated from one another by rock bars and 
morainic barriers. A notable feature of the post-glacial intervals was 
the building up of alluvial fans where the hanging tributaries entered 
the main troughs. 





Fig. 61. Block diagram of a U-shaped valley 
Note the ‘hanging’ tributary valley with its waterfall. 


Above the present valleys and snowfields rise the peaks whose 
shape depends upon the texture and hardness of their rocks. 'The 
hard granite of the Mont Blanc massif weathers into tall pinnacles 
towering boldly upwards (Plate 42). ‘The sedimentary rocks of the 
Vanoise and Brianconnais form long shattered shaly crags which are 
crumbling at a rapid rate. 

The important general result of glaciation has been to widen the 
river gaps in the pre-Alpine limestone zone and to establish in the 
interior ranges a series of distinct valley compartments (Fig. 62). 
Such, essentially, are the pays of the French Alps, each with its 
distinctive name. ‘Thus Gréstvaudan and Tarentaise are the valleys 
of the middle and upper Isére respectively, and Maurienne is that 
of the Arc. ‘The Romanche valley is the core of Oisans and the upper 
Drac valley of Champsaur. In the upper Durance valley are the 
pays of Briangonnais and Embrunois, while the left-bank tributaries 
flow through Queyras (Guil valley) and Barcelonnette (Ubaye valley) 





Fig. 62. of th ee kee 
Note the valley compartments and the passes. The passes are numbered as follows: 
1, Lile St Bernard; 2, Iseran; 3, Mt Cenis; 4, Fréjus; 5, Lautaret; 6, Galibier; 
4, Bayard; 8, Mt Genévre; 9, Vars; 10, Larche. 
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respectively. Despite the endless variation in the detail and com- 
plexity of scenery in the French Alps, the general facts of human 
settlement and land utilization are remarkably uniform over very 
wide areas, so that detailed topographical description would become 
too repetitive. Of the whole Alpine system from Vienna as far, at 
least, as the northern French Alps, it is possible to make many 
general statements concerning human life and economy. In the 
French Alps, however, climate sets certain limits to the typically 
Alpine regime. The general trend of the range is from north to 
south, so that mountains lie transverse to the prevalent wind 
direction and to the great climatic boundary that separates the central 
European from the Mediterranean climate. This not only imposes 
a severe summer drought upon the Alps of southern France, but 
emphasizes the climatic contrast between the outer and the inner 
ranges. 

The importance of this climatic boundary, as expressed in vegeta- 
tion, is clearly seen near the Dréme valley. Northwards, the pre- 
Alpine limestone massifs are thickly forested, while southwards the 
forest cover is replaced by limestone slopes, gashed by wet-weather 
runnels, and bearing only a scanty vegetation. Southwards into 
Provence, the conditions on the ubiquitous limestone plateaux 
approximate to those of the Causses (p. 83). Neither in form nor in 
economy is the country typically Alpine. It largely escaped glaciation, 
and the existing conditions of sculpture differ from those of the true 
Alps. For many centuries it has been a country of sheep rather than 
of cattle, and the enclaves of lowland cultivation are different from 
those of the north. The cultivation of the olive persists up the 
Durance valley to Sisteron, and up that of the Var to Puget-Théniers. 
Recent times have seen, it is true, some change of conditions with 
improving communications. Irrigated pasture in the valleys has 
become more general, and cattle have increased at the expense of the 
vast scantily nourished flocks of sheep. The transition between the 
Mediterranean area and that of the north is not sudden. As far north 
as the Grésivaudan, agriculture shows certain southern features, e.g. 
maize, vine, etc. Nevertheless, the central Alps (Dauphiné) belong 
more naturally to those of the north (Savoy). The chief contrast 
here, however, is not so much between north and south as between 
east and west. ‘I'he pre-Alpine ranges, standing first in the path of 
the rain-bearing winds, receive an annual rainfall of over 80 cm. The 
snow-cover of the pre-Alpine zone extends lower and lasts longer 
than that of the central area. In early spring the valley-floor snow in 





Plate 41. Mont Blanc 


View across the Chamonix valley from the Brévent. Mont Blanc (4,807 m.) is 
the snow dome in the centre of the photograph. The Glacier des Bossons descends 
steeply from the upper snowfields in a series of crevassed ice-falls to within 100 m. 
of the valley floor. 





Plate 42. The Mer de Glace 


The Mer de Glace descends from a great basin, into which flow its three feeder- 
glaciers. On the left, ridges rise steeply to the Aiguille Verte (4,121 m.); in the 
centre background is the great mass of the Grandes Jorasses (4,206 m.), and on 





the right are a few of the many granite pinnacles or azguille 
northern edge of the Mont Blanc massif. 


5, which flank the 





Plate 43. Argentiére 


The village of Argentiére is situated in the Arve valley about 8 km. from Chamonix 
at a height of 1,258 m. The view shows the typical U-shaped form of a glaciated 
valley with flat floor and steep wooded sides, the former intensively cultivated. The 
hotels indicate its importance as a mountaineering and winter sports centre. In the 
distance is the Mer de Glace and the domed summit of Mont Blanc. 





Plate 44. A peak in the Dauphiné 


The main mountain groups of the Dauphiné are the Pelvoux, Ecrins and Meije. 
The photograph shows a cirque or snow basin enclosed by rugged pinnacles and 


ridges (arétes). From the snowfield flows a short glacier with a large lateral moraine 
on its right bank. 
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Tarentaise and Maurienne vanishes at a time when Bauges and 
Grande Chartreuse are still thickly snow-covered. 

Thus in their climate, no less than in their geology, the pre-Alps 
are widely different from the interior regions and their economy 
differs no less widely. In the.extreme north, Chablais, for historical 
rather than physical reasons, marks an extension of Swiss pre-Alpine 
conditions of specialized pastoral farming, but thence south to the 
Vercors massif, the human economy is essentially based on forest 
products, combined with subordinate cultivation and pastoral 
activities. 





Fig. 63. Forest in the upper Isére valley 


Note the contrast between the southward-facing adret, where much clearing 
has taken place, and the northward-facing ubac still covered by much wood. 


In the interior there was originally a series of distinct altitudinal 
zones; first came forest with beeches and oaks below, and conifers 
above, extending from about goo to 1,800 m. The forest zone graded 
through a transition or sub-Alpine zone (1,800—2,300 m.) into a true 
Alpine zone of upland pasture extending up to the permanent 
snow-line at about 3,000 m. This forest has been encroached upon 
both above and below by man, being cleared to afford alpine pasture 
at its upper limit, and to afford lowland pasture and arable land at its 
lower level. To-day, indeed, the forest zone is discontinuous, having 


112 GEOLOGY AND PHYSICAL GEOGRAPHY 


been completely destroyed over wide areas. Its present distribution, 
together with that of permanent settlement, shows a marked asym- 
metry. There is a radical distinction between the southward-facing 
sunny side or adret, and the northward-facing slope or ubac left for 
long periods of each day in deep shadows. The dominance of the 
adret decreases with decreasing elevation, and the effects of aspect 
are but little conspicuous in the pre-Alpine zone. Even below Bourg 
St Maurice, however, the effect of aspect on the distribution of 
woodland is striking (Fig. 63), for it has been almost completely 
cleared from the adret, but innumerable extensive relics mantle the 
ubac slope down to the very water’s edge. 


THE JURA 


The broad arc of the Jura stretches along the frontier between France 
and Switzerland for a distance of about 300 km. Its greatest breadth 
is about 65—75 km. and it tapers to less than 10 km. at the extremities. 
It is in no way a lofty mountainous area—its highest point, the Crét 
de la Neige, is 1,723 m.—but, owing to the absence of broad transverse 
valleys, it presents a considerable barrier to communication. 

Geologically speaking, the Jura is no more than an extension of 
the frontal ranges of the Alps. Its arc-like shape results from the 
fact that, during the Alpine folding, its folds were forced into the 
gap between the stable Hercynian blocks of the Central Massif and 
the Vosges-Black Forest (Fig. 4). Its rocks include limestone, clays, 
sandstones and marls, but limestones predominate and the geological 
name ‘Jurassic’ is derived from this type region. Structurally it falls 
clearly into two longitudinal zones, known as the Folded Jura and 
the Plateau Jura. 


The Folded Fura (Figs. 24, 55) 


This area lies on the inside of the mountain arc. The folding is in 
many cases simple and symmetrical; the lines of anticlines form 
monts and the synclines form vals. Sometimes, however, an anticline 
disappears or ‘pitches out’ and is replaced by another anticline 
emerging from a neighbouring syncline. In the central part there 
are about 160 individual anticlines varying in length from 2 to 30 km., 
and in height from about 750 to 1,500 m. This folding is a relatively 
superficial phenomenon, the Jurassic and later rocks forming a: 
puckered layer that has slid forward over a plane of lubrication in 
the underlying salt measures of the Trias. Occasionally, the folding 
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becomes more complicated, and overfolds with faults, and even 
clean-cut thrusts, are found. 

The Jura may once have been at least twice as high as they are at 
present, yet, in spite of the great erosion, the present relief harmonizes 
closely with the geological structure; the anticlines form ridges, while 
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Fig. 64. Stages in the formation of anticlinal valleys 
Based on E. de Martonne, Traité de Géographie Physique, p. 793 (Paris, 1926). 


the synclines are longitudinal valleys. ‘The anticlinal valleys, common 
in many eroded fold-mountain areas, are only occasionally found 
(Fig. 64); the scarp-rimmed vales of these broken anticlines are termed 
combes, while the scarps themselves are called créts. 

The rivers of the.folded Jura flow in valleys which, while main- 
taining a general trend, zigzag from one longitudinal synclinal valley 
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to another. The torrential gullies of the anticlinal flanks are termed 
ruzes. These right-angled transverse valleys form steep-sided gorges 
known as cluses, and there are altogether some sixty to seventy of 
them (Plate 45). River capture has been frequent and the Doubs and 
Ain have become the master streams of the area. 

From the point of view of transport it is the vals and the cluses that 
are of dominant importance. The broad Valromey and the Hauteville 
syncline, typical of their kind, appear in Fig. 65. Farther north, 
near the eastern borders of the chain, the narrow synclinal Valserine 
is a striking feature. The Ain and its tributary, the Bienne, show 
frequent rectangular bends, each marking a cluse between neigh- 
bouring synclines. Nantua lies at the mouth of an important cluse, 
trenching the southern ranges, while, farther north, Morez lies in 
a similar situation. Pontarlier, an important route centre, lies in the 
conspicuous cluse through which the headstream of the Doubs drains 
westward. 


Plateau d’Hauteville Valromey 1300m. Rhéne 
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Fig. 65. Diagrammatic section across the Jura 


T, Tertiary; C, Cretaceous; UJ, Upper Jurassic; O, Oxford clay; MJ, Middle 
Jurassic. 


Although the southern end of the range was invaded by Alpine 
ice, the local glaciation was slight and no permanent snowfields 
remain. Coniferous forest, supported by the limestone soils and by 
a heavy rainfall, climbs high on the slopes, leaving limited areas of 
true alpine pasture on the summits. Arable land is concentrated on 
the well-drained lower slopes of the anticlines and cluse valleys, while 
the floors of the vals and combes afford good irrigated meadowland. 


Plateau Fura (Figs. 24, 55) 


The plateau Jura lies immediately to the west of the folded Jura. 
It is most widely developed in the central area and descends in three 
major steps from east to west. ‘The Nozeray plateau has a general 
elevation of 850-go0 m., that of Champagnole an elevation of 650- 
750m., while the exterior plateau around Ornans and Lons-le- 
Saunier reaches 500-600 m. Pressure has caused the whole upland 
to be cracked or faulted into a series of blocks, while the strata 
themselves remain horizontal. Along its western edge there is some 
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“resumption of folding combined with faulting, and this results in 
a sharp edge resembling an escarpment. In the south, this edge is 
known as Revermont, and it rises some 500m. above the ad- 
joining lowlands of the Dombes and Bresse. From the neighbour- 
hood of Poligny northwards, past Besancon, conditions are somewhat 
different. Here, Jurassic rocks do not plunge deep down but extend 
continuously over the floor of the Belfort Gap as far as the foot- 
hills of the Vosges. Indeed, this floor is structurally the lowest 
of the series of Jura plateaux and, accordingly, it is difficult to set a 
clear-cut limit to the Jura properly so called. North-east of Besancon, 
however, the Montagnes du Lomont repeat in large measure the 
features of the Revermont, and rise sharply above the wooded plain 
to the north. They are continued across the Swiss frontier in the ridge 
of Mont Terrible. 


a 


Belfort, 





Fig. 66. River capture: Rhine-Doubs 


The upper Doubs is a former tributary of the Rhine but has been diverted west- 
ward to form its present remarkable course. The beheaded trunk (still a tributary 
of the Rhine) is shown (Plate 46). 


The rivers flow to the Saéne and Rhone across the plateaux Jura 
in deep valleys cut into the surface. ‘The edges which form the plateau 
steps are often notched by combes and ravines, and the level surface 
is frequently dissected into a number of hills isolated by deep valleys. 
- The main river in the south is the Ain, while the Doubs flows north-- 
eastward near the eastern margin of the plateau country only to 
return south-westwards beyond the plateau edge to Besancon and the 
plains. This remarkable course is due to river capture, for its east- 
flowing headstream is a former tributary of the Rhine (Fig. 66). The 
streams of the western plateau edge fall sharply to the plains, and the 
longitudinal streams in their cluse crossings frequently descend by 
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falls or rapids from one syncline to the next. Recently, there has 
been hydro-electric development in both the Ain and Doubs basins. 

The detail of the surface is modified considerably by the action of 
rain water upon the limestone surface. The wide dreary expanses and 
the prevalence of solution hollows and underground drainage recall 
characteristics of the Causses. ‘This underground water often produces 
a labyrinth of caves and a complicated subterranean drainage system. 
A striking example is the river Loue which emerges from a cave as 
a large river only 8 km. from the Doubs, yet more than 300 m. below 
the level of the latter. The soil cover is here much thicker than in 
the Causses, and there are extensive areas of both deciduous woodland 
and pasture. As in the folded Jura, timber and milk products 
(notably Gruyére cheese) are important. 

The plateau Jura is relatively barren and scantily populated because 
of its poor soil and the absence of water. ‘The slopes of the plateaux, 
however, permit the cultivation of the vine, while the scarp-foot plain 
is cultivated for wheat and maize in the south. At the foot of the 
western edge is a notable series of scarp-foot towns—Lons-le-Saunier, 
Salins, Besancon, Montbéliard. ‘The names of the first two recall the 
importance of ‘Triassic salt as a mineral product. 


THE RHONE-SAONE CORRIDOR 


The corridor of the Rhéne-Saéne extending southwards from Dijon 
and Besancon for over 300 km. is a structural depression lying between 
the Central Massif and the frontal folds of the Alps and the Jura. 
It was faintly foreshadowed in Mesozoic times, but it took on no real 
semblance of its present form till after the building of the Alps. 
Thereafter come two phases in its history. During Miocene times 
the Rhéne valley below Lyons formed part of a narrow arm of the 
sea following the outer border of the newly uplifted ranges and 
stretching from near the present mouth of the Rhéne, northwards 
to Lyons, and thence eastwards through the lake plateau area of 
central Switzerland (Fig. 55). During the second, or Pliocene, phase 
the Swiss portion of the former sea floor became land. At the same 
time, however, the greater part of the Saéne basin—the great plain of 
Bresse—was covered by the waters of a lake; this in turn was separated 
by a rock bar from a much reduced inlet of the sea to the south. 
Into this lake drained a river, in some sort an ancestor of the Rhine 
but flowing southwards down the Rift Valley and thence into the 
Bressane depression by way of the Belfort Gap (Fig. 24). Later earth 









Plate 45. Tie Cluse de Morez (Haut-Jura) 


The town is strung out along the bottom of an almost gorge-like valley, the Bienne, 
the slopes of which are covered with spruce forests. The steep gradient of the 
stream led to an early industrialization based on water power; in modern times a 


high degree of specialization has characterized these Jura valleys, and in Morez 
this takes the form of spectacle making. 


Plate 46. River Doubs at Besancon 


The dissected limestone country of the Jura provides many fortifiable sites, around 
which modern towns have grown. The late seventeenth-century citadel of Besancon 
stands on the high concave bank of a sweeping meander of the Doubs; the modern 


town and its industrial suburbs lie for the most part on the flatter inner side of 
the meander. 
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movements radically altered the drainage and led to the northward 
discharge of the Rhine. The upper Doubs was tributary to this 
northward-flowing Rhine, but its capture by the lower Doubs has 
in part reincarnated the former drainage pattern (Fig. 66). In late 
Pliocene times, the marine gulf was uplifted to form the lower Rhéne 
valley, and the Bressane lake drained southwards by the Sadne. 

While the Rhéne-Saéne corridor is thus underlain by Miocene and 
Pliocene sediments, much of its present surface is formed by glacial 
and fluvio-glacial deposits. The ice streams descending the upper 
Rhone and Isére valleys coalesced in the Rhone valley to form a great 
piedmont ice sheet. At its maximum extension this covered the 
southern end of the former Pliocene lake floor (Dombes region) and 
rode up on to the lower slopes of the Central Massif near Lyons and 
Givors (Fig. 60). Thence the edge of the ice swung south-eastwards 
away from the line of the present Rhéne to St Marcellin in the Isére 
valley, but considerable areas in front of it, notably parts of the Val- 
loire basin and the plateau of Chambaran, were covered with outwash 
gravels deposited by melting waters that escaped from the ice. The 
Rhone and its tributaries have redistributed some of these glacial and 
fluvio-glacial deposits to form well-marked terraces above the present 
flood-plains. 

Two major divisions are readily recognized within the corridor: 
(1) The Sadne basin or Bressane depression, and (2) the valley of 
the Rhone below Lyons. 


(1) The Saone Basin (Figs. 24, 55) 


This great plain, 200-250 m. above sea level, has a length from 
north to south of 240 km. and a breadth varying from 40 to 60 km. 
The character of its surface depends largely on the nature of the 
deposits accumulated on the Pliocene lake floor. Between the sunny 
_vine-clad foot-hills of the Céte d’Or and the right bank of the 
Saone, these lacustrine deposits are, for the most part, sandy in 
character and support dense forests, such as that of Citeaux. ‘The land 
slopes in steps towards the lower alluvial terraces bordering the 
Sadne river (Plate 47). Villages are situated at heights of 10-20 m. 
above the river level, for floods periodically cover the rich meadows 
of the lower river terraces. Shallow ponds and lakes are numerous, 

In the area south of the Doubs and east of the Sadne, Pliocene 
clays give rise to a rich, marly soil. This is the prosperous farming 
country of the true Bresse, a land of level plains broken by occasional 
low hilis and crossed by the Seille, the Reyssouze and the Veyle, 
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tributaries of the Saéne, draining from the Jura. South of Chalon, 
the combined Doubs-Saéne river hugs the eastern edge of the 
Central Massif, here comprising the Jurassic limestones of Mdconnais, 
with their vineyards, and the old rocks of Beaujolais and Lyonnass. 
In the southern parts of Bresse, opposite the exit of the Rhone from 
the Jura, is the hummocky morainic country of the Dombes, marking 
the former extension of the Alpine ice. It is a poor land of marsh 
and meres, by-passed on east and west by modern road and rail 
communications. 

The location and surface features of the Sadne depression have 
made it one of the most important arteries of communication in. 
Europe. Despite the encircling highlands, passage-ways radiate from 
it along river valleys in all directions. Routes from the Paris basin 
(Ouche valley), from Lorraine across the Mts Faucilles, and from 
Alsace via the Belfort Gap converge within it, and proceed along the 
Rhone valley to the Mediterranean lands. The nodality of the site of 
Lyons at the confluence of the Sadne and Rhone needs no emphasis. 


(2) The Middle Rhéne Valley (Fig. 55) 


From Lyons southwards to Valence and beyond, the Rhéne hugs 
the western wall of the corridor and is actually entrenched within 
the ancient rocks at several places. ‘To the east extends the Tertiary 
hill country of Bas Dauphine, constituting a compact and distinctive 
region. In the north, the Rh6éne valley is so narrow that the schistose 
heights above Givors, on the west bank of the river, are barely 20 km. 
from the limestone spur of Crémieu, which is essentially the southern- 
most prong of the Jura, and the rock bar which bounded the Bressane 
lake. South of the Jura, the pre-Alpine front forms the eastern 
boundary of the valley. This is set back far eastwards of the Jura line 
and, accordingly, in the latitude of Vienne the Tertiary hill country 
attains a width of 70km. It narrows southwards again towards 
Valence as the pre-Alpine front encroaches westward towards the 
Central Massif. F 

Bas Dauphiné is a relatively poor and inhospitable country. Its 
gravel-covered heights, rising to 600~700 m., are forested, while the 
valley trenches, draining westwards to the Rhéne, afford poor grass 
and arable country. ‘The valley of the Rhone itself consists of narrow 
or gorge-like stretches alternating with wider basins where the 
eastern tributaries enter. The chief of these basins are those of 
Valloire and Valence. South of the latter, the Cretaceous limestone 
country rapidly approaches the eastern bank of the Rhdéne and 
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crosses the river to form the limestone foot-hills of the Vivarais and 
the Cévennes. Accordingly the valley narrows rapidly to the gorge 
of Cruas, beyond which it expands again in the plain of Montélimar. 
It leaves this, the last of its basins, by the three-mile long Donzére 
gorge beyond which the lower valley opens out between the receding 
scarp of the Cévennes and the Alps of Provence (Fig. 67). It is at, 
or near, the-Donzére gorge that the northern boundary of the true 
Mediterranean climate may be said to lie, so that both physiography 
and climate mark this point as the atural termination of the 
Middle Rhone valley and the beginning of ‘Le Midi’. 
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Fig. 67. Part of the Donzére gorge on the Rhéne (drawn from a photograph) 
The view looks upstream; the cliff on the right bank of the river is not visible. 


MEDITERRANEAN LANDS 


The plains of Roussillon and Languedoc, and the mountains of 
Provence, are wholly dissimilar areas but they are united by the 
common possession of the highly distinctive Mediterranean climate. 
Moreover, there is one geological feature which is common to most of 
the Mediterranean coastlands—the widespread Mesozoic limestones. 
These intensify the effects of summer drought over wide areas by 
swallowing surface drainage and restricting vegetation cover. The 
Mediterranean Sea was formed by the subsidence of great tracts 
lying south of the Alpine ranges. ‘The eastern Pyrenees are continued 
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in the mountains of Provence beyond the Golfe du Lion. The curving 
margin of this gulf, like that of the Riviera coast and the Gulf of 
Genoa farther east, marks the fractured edge of the sunken tract. 
The greater part of Corsica is formed of crystalline rock with 
Hercynian structures identical with those of the Maures-Esterel 
massif of Provence. Both once formed part of a larger tract of such 
rocks which represented a considerable mass of the Hercynian 
floor caught up in the Pyrenean movements. The remaining parts 
of this block are now deeply sunken beneath the waters of the 
Mediterranean (p. 85). 

Though its geological life has been comparatively brief, the 
Mediterranean Sea has suffered great oscillations of level, which 
have left their marks upon both the coastal and inland tracts. The 
sea, which penetrated far up the inlet of the Rhone in early Pliocene 
times, also submerged Roussillon and parts of Languedoc. Late 
Pliocene times witnessed a general retreat of the sea and the building 
up of great masses of deltaic sediment at the mouths of the extending 
rivers. In Pleistocene times, further remarkable oscillations of level 
occurred. During the periods of advance of the Alpine ice, the sea 
level was low and the rivers cut channels far below their present beds. 
The warmer inter-glacial periods, on the other hand, were marked 
by high sea levels now represented by well-developed coastal and 
corresponding river terraces. Despite the alternating character of the 
sea-level movements, however, the general tendency was towards a 
fall in level. This has resulted in steep river profiles which, taken 
with the occurrence of heavy winter rains, explain the liability to 
flooding of the Mediterranean rivers. It is also a factor in maintaining 
the exceptionally heavy discharge of river-borne debris at the coast. 

The following sub-regions can be recognized along the coast from 
west to east: (1) Roussillon, (2) Lower Languedoc, (3) the Lower 
Rhone valley and delta, (4) Provence. 


(1) Roussillon (Fig. 48) 

This area is a roughly semicircular plain representing a gulf of 
the Pliocene Mediterranean (Fig. 68). The floor of this gulf was 
covered by the debris transported by the Agly, Tet and Tech from 
the massifs of Carlit and Canigou. The eastern half of the plain 
is below 50 m., and its emergence above sea level is, geologically, 
recent. Masses of gravel cover the plain, and inland, as at Perpignan, 
higher gravel plateaux dominate the alluvial terraces of the Tet and 
Tech. Irrigation, facilitated by the presence of these gravel terraces, 
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Fig. 68. Perspective diagram of the area between the Pyrenees and the 
Montagne Noire, looking north 


Based on O. Barré, L’ Architecture du Sol de la France, p. 252 (Paris, 1903). The 


distance between Mt Canigou and Port Vendres is 51 km.; that between Car- 
cassonne and Narbonne is 53 km. For the coastal features, see Fig. 114. 
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has transformed the porous gravel soils into a veritable garden, where 
the vine and early vegetables are intensively cultivated. Owing to 
the demands of irrigation, many of the rivers enter the sea as feeble 
streams. Beyond the reach of the irrigation channels, or where the 
water-table is some distance below the surface, the sun-baked plain 
becomes a barren, desert waste. Both the scrub zone of the foot-hills 
and the marshy coastal area form the winter pasture grounds of 
sheep, which spend the summer in the upland basins of Cerdagne and 
Capcir (p. 94). Man has added to the cultivated land by draining 
the lagoons and swamps, but in the north-east there are still shallow 
lakes separated from the sea by low gravel ridges and sand dunes. 


(2) Lower Languedoc (Figs. 32, 48) 

The coastal plain of lower Languedoc, west of the Rhone, is far 
from being uniformly flat. ‘Three steps can be recognized between 
the sea and the edge of the Cévennes: (1) the lowlying lagoon country 
along the coast, (2) Pliocene gravel plateaux, (3) foot-hill plateaux 
of Eocene, Cretaceous and Jurassic limestones whose characteristic 
thorn vegetation has earned them the name of ‘garrigues’. ‘The 
regularity of the relief is broken locally by the deep valleys of swiftly 
flowing rivers, and by isolated hill masses that rise near the coast. 

The coastal area is described below (p. 164). The flat shore with 
sand dunes and lagoons is relieved by the Cretaceous limestone ridge 
of La Clape between Narbonne and the sea. It is a flat-topped feature 
rising to 214 m. and it represents a north-eastward continuation of 
the limestone folds of the eastern Pyrenees. Farther east, the basalt 
rocks of Cap d’Agde stand out 155 m. above the sea. The headland 
marks the southern extremity of a line of Tertiary vulcanicity con- 
tinued by the flat-topped hill masses or mesas of the Béziers district. 
Between Sete and Montpellier, another folded chain of Jurassic and 
Cretaceous rocks, the steep-sided ridge of La Gardiole (228 m.), 
extends in a south-west to north-east direction across the coastal 
plain. At the southern end of this chain a rocky island of limestone 
forms the point of attachment of the long sand-spits that enclose the 
Etang de Thau, the largest of the Mediterranean lagoons. 

The Pliocene gravel plateaux are called costiére (or coustiére). 
Here, the gravel lands overlook the Rhéne delta, and are backed by 
the limestone country of the garrigues on the edge of which stands 
the city of Nimes. Similar costiéres are characteristic features of the 
landscape around Montpellier, and in western Languedoc between 
the Hérault and the Aude. They form level stretches of country, 





Plate 48. ‘The Rhone delta at Aigues-Mortes 


View looking south-westwards along the Maritime Canal across the étangs and 
reclaimed land of the delta. On the left is a section of the rectangular ramparts 
which enclose the town. 








Plate 49. Provencal landscape 


A contrast, typical of many Mediterranean lands, between flat or gently undulating 
cultivated land, frequently with orchards or olive groves (as in the photo), and 
bare or maquis covered limestone hills. 
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30-70 m. above sea level. Despite their arid and dusty soils, they 
support extensive vineyards. 

The garrigues are limestone uplands to the north of Montpellier 
and Nimes; they reach to the foot of the Cévennes and to the right 
bank of the Rhéne from Avignon to Donzére. These garrigues lie 
from 300 to 600 m. above sea level, but they fall southward to less 
than 100 m. near Nimes and Montpellier. Limestone rocks of Lower 
Cretaceous age comprise most of the surface, but there are basins 
in which Eocene and Oligocene rocks have been preserved. The rocks 
were raised in gentle arches or anticlines, north-east to south-west 
in direction, at the same time as the Pyrenean folding. ‘They now form 
undulating country of low or moderate elevation. Their thin soils 
support only a meagre herbage of broom and spiny plants. Rivers, 
such as the Ardéche, Céze, Gard, Vidourle and Heérault, have 
entrenched deep, gorge-like valleys into the limestone which repeat on 
a lesser scale the characteristic land forms of the Causses. It is only 
in these river valleys, where irrigation is possible, or in the upland 
basins, that settlements are numerous. 

In the south-west, Languedoc becomes constricted between the 
forefolds of the Pyrenees and the Montagne Noire of the Central 
Massif. Here, the rivers Aude and Fresquel flow upon Eocene rocks, 
and their valleys, west of Carcassonne, lead across the Naurouze 
Gap into the Aquitaine lowlands. 


(3) Lower Rhéne Valley and Delta (Figs. 32, 55) 


From Donzére to the Golfe du Lion, the Rhéne traverses three 
contrasting areas. The valley section may be said to end 2 miles 
above Arles, where the delta lands of Camargue begin to open out 
between the main distributaries of the Great and Little Rhéne, while 
to the east of the Great Rhone channel is the detrital fan of Crau. 

The lower Rhéne valley is enclosed between the upland country 
of the garrigues on the west and the spurs of the west-east folds of 
the mountains of Ventoux, Lubéron and Alpilles on the east. The 
limestone garrigues approach close to the right bank of the Rhéne, 
and on this side the valley plain is narrow, becoming broader only 
where the Ardéche and the Ceze join the main stream. It thus re- 
sembles to some extent the middle course of the Rhéne from Lyons 
to Montélimar, but the hill country, especially on the eastern bank, 
is farther away from the river and the valley basins are larger. 

To the east of the Rhone, many tributaries cross these marshy plains. 
Extensive drainage and irrigation schemes have transformed the 
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higher terraces of the plains into rich farmland, but the lower terraces 
bordering the streams still remain reed-covered swamps, liable to 
floods and seamed by the backwaters and braided channels of the 
Rhone and its tributaries. The ridges that border this country on the 
east have the typical aspect of a dry limestone country. They are 
steep-sided, flat-topped ranges, dissected by deep gorges into fantastic 
shapes. Surface drainage is at a minimum, but springs issue at the 
base of the ridges. At Avignon, the Rhéne has cut through one of 
the ridges, and around an isolated crag on the eastern bank of the 
river the city has been built. On the flanks of the Cretaceous 
limestones of the Alpilles ridge, valuable deposits of bauxite (ore of 
aluminium) occur. Tlie mineral takes its name from the picturesque 
medieval stronghold of Les Baux. 

Crau is a low triangular plain of river-worn pebbles built up from 
the gravel debris brought down by the Durance when it entered the 
Pliocene sea through the cluse of Lamanon in the Alpilles. Later, 
the river altered its course and flowed westward to the north of this 
limestone ridge. ‘These gravels are the counterpart of those of the 
costiére of Saint-Gilles, which marks the Pliocene delta of the Rhéne. 
To the eye the region appears as a level plain but, in fact, it slopes 
fairly steeply westward. Parts of this desert waste, formerly suitable 
only as winter-feeding grounds for sheep, have now been rendered 
fertile by canal irrigation. 

Camargue is the delta of the present Rhone. It has been described 
as a solitude of wind-swept marshlands and lagoons. At Arles, at 
the head of the delta, the Rhéne, which flows above the level of the 
surrounding countryside, is only 2 m. above sea level. ‘The Camargue 
appears to be a dead-level plain, but there are minor undulations of 
relief which profoundly influence the flow of the surface waters. The 
lagoon of Vaccarés occupies a shallow depression in the middle of 
the delta, with maximum depths of about a metre. Along the 
Mediterranean coast there is a series of shallow lakes and marshes, 
shut off from the sea by sand spits and low sand dunes (Fig. 115 and 
Plate 48). 

Pasturelands for cattle and sheep, market gardens, and even 
vineyards, are extending into Camargue from the adjacent richer 
plains. Cultivation and settlement are most successful near the dykes, 
or lories, that either mark the present channels or indicate the lines 
of ancient abandoned distributaries. These low ridges stand above 
the general level of the wet clay lands of the delta. The floors of 
former lakes and marshes have also been drained, and the sansoutres, 
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Fig. 69. Perspective diagram of Lower Provence, looking north 


Based on O. Barré, L’ Architecture du Sol de la France, p. 220 (Paris, 1903). The 
distance from Fréjus to Salernes is 43 km. For the coastal features, see Fig. 116. 
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as these reclaimed lands are called, provide excellent pastures on 
their clayey and somewhat saline soils. But the wet clay lands of 
southern Camargue still remain an unhealthy, malarial waste of 
reed-covered swamp, shallow meres, and shifting sand dunes. 
Fishing and the extraction of salt by evaporation give employment 
to its few inhabitants (Plate 66). 


(4) Lower Provence (Fig. 55) 


The mountainous country of Provence includes two sections, quite 
distinct in their structural affinities. In the north-east, around 
Castellane and Puget-Théniers, lie the High Alps of Provence and 
the Maritime Alps. ‘These represent the continuation of the frontal 
calcareous zone of the true Alps (p. 99). To the south-west, in Lower 
Provence, is a series of well-marked limestone ranges trending from 
east to west, and separated by relatively broad lowland basins. This 
group of ranges is a structural continuation of the Pyrenees whose 
folds were formed somewhat earlier than those of the true Alpine 
zone. ‘The crystalline massif of Maures-Esterel intervenes between 
the eastern end of the limestone ranges and the coast (Fig 69). Itisa 
‘splinter’ of the Hercynian floor, and once formed part of a larger 
mass now practically submerged (p. 120). 

The structure of the limestone ranges in the hinterland of Marseilles 
and ‘Toulon, while complex in detail, is relatively simple in a broader 
sense, and is not unlike that of the folded Jura. Its parallel folds 
average about 500-800 m. above sea level with occasional heights of 
over 1,000m. There are considerable differences between the 
western, central and eastern parts of the area. In the west, low 
anticlinal limestone ridges project westwards towards Crau. South 
of the Nerthe ridge lies the small Marseilles basin truncated by the 
coast. 

In the central section, the limestone country rises to greater heights 
in the ridges of Sainte Baume (1,154m.) and Sainte Victoire 
(1,011 m.). In the east, the folded zone narrows as the Maures-Esterel 
massif is approached. ‘he impervious granitic and schistose rocks 
of the massif form a striking contrast to the limestone country. ‘They 
range between 300 and 700 m., attaining a maximum of 779 m. above 
sea level. Their slopes are channelled by innumerable wet-weather 
runnels and are covered by dense woodlands of chestnut and cork oak. 
Between the crystalline blocks and the limestone ranges there is a 
strip of Permo-Triassic rocks which form an almost continuous de- 
pression from ‘T’oulon to Le Luc and Fréjus (Fig. 69). Another corridor 
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is formed by the west-flowing Arc and the east-flowing Argens 
(Fig. 57). ‘This intersects the Permian corridor near Le Luc. Both 
these form important routeways between the Rhone valley, ‘Toulon 
and the Riviera. Farther to the east, beyond Cannes, the limestone 
ranges of the frontal Alpine zone reach the sea (Plate 50). 

From the economic standpoint, Lower Provence is a relatively 
poor country but shows features of specialist production, both mineral 
and agricultural. ‘Tertiary lignites are worked at Fuveau in the Arc 
basin, while farther east, important bauxite concentrations occur in 
the Cretaceous rocks around Tourves, Brignoles and Le Luc. The 
main agricultural activity is concerned with olive (Plate 49), vine 
and wheat, but recent years have seen specialization in early fruits and 
vegetables (primeurs) and in flowers and herbs, marketed as such, 
or distilled to yield perfumes and essences. A striking feature of land 
utilization throughout much of the region is the tendency for the 
cultivated land to lie at the southern foot of the limestone ridges 
which afford protection from the cold northerly winds. 
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BIBLIOGRAPHICAL NOTE 


1. There is a very clear account of the geology of France by L. de Launay, 
Géologie de la France (Paris, 1921). An older book, still of interest, is O. Barré’s 
L’ Architecture du Sol de la France (Paris, 1903). An attractive study of the north 
is A Handbook of Northern France, by W. M. Davis (Harvard, 1918). 
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geographers, and the results are embodied in a number of well-known monographs, 
e.g. the accounts of Picardy by A. Demangeon (Paris, 1905), of Flanders by R. 
Blanchard (Lille, 1906), and of Brittany by C. Vallaux (Paris, 1907). The most 
famous of these French geographical studies is that covering the whole of France 
itself by P. Vidal de la Blache, Tableau de la Géographie de la France (Paris, 1911). 


3. ‘Two French school books form a useful introduction, and are very fully 
illustrated by maps and diagrams: 

A. Cholley, R. Clazier and J. Dresch, La France (Paris, n.d.). 

L. Gallouédec and F. Maurette, Géographie de la France (Paris, n.d.). 


4. ‘wo works in English present a useful survey: 

E. de Martonne, Geographical Regions of France, translated from the French by 
H. C. Brentnall (London, 1933). 

H. Ormsby, France: A Regional and Economic Geography (London, 1931). 


5. A useful series of photographs, illustrating all aspects of the geography of 
France, will be found in the twenty-six volumes of France Métropole et Colonies, 
edited by A. Demangeon, A. Cholley and C. Robequain (Paris, 1938). The first 
eighteen volumes, totalling 360 photographs, deal with France itself. The photo- 
graphs are accompanied by explanatory text. 


Chapter II 
COASTS 


Introduction: English Channel: Brittany: Bay of Biscay: Languedoc: Rhéne delta: 
Provence: Bibliographical Note: Coastal Maps 


INTRODUCTION 


Shorelines may roughly be divided into those which owe their origin 
either to submergence or to emergence. Their respective develop- 
ment is best illustrated by the self-explanatory series of diagrams that 
form Figs. 70 and 71. 

In France, all the Atlantic shores are coasts of submergence. That 
is one of the main factors which explain their present character. From 
Belgium round to Spain, the differences represent variations upon the 
theme of submergence. The deeply indented coast of Brittany, with 
many outlying islands, is the result of the submergence of an upland 
area, and its subsequent modification has been slow owing to the 
resistant character of the Breton rocks. At the base of the cliffs is 
usually found a wave-cut rock platform, exposed in part at low water. 
This is also a feature of many other parts of the coast of northern 
France. Along the Channel coast development has been quicker than 
in Brittany, because here the less resistant and more uniform rocks have 
been eroded more quickly and more regularly. South of the Loire it 
was a lowland that became submerged, and here the sea spread far up 
the valleys to produce an exceedingly winding shoreline (Fig. 94). 
Long-shore drift of material, however, formed spits and bars-across 
the mouths of these inlets, cutting them off from open sec an<>con- 
verting them into lagoons and marshes. The stages in the evolution 
of the lagoons of Gascony are illustrated in Fig. 95. The result here, 
as along all the coast of France, has been to produce an increasingly 
regular outline. 

The lagoons along the Mediterranean were formed in a somewhat 
similar manner, but here conditions have been more complicated. 
The Languedoc coast has some of the features of a shoreline of 
emergence, although evidence of submergence is apparent near the 
Spanish frontier and to the east of the Rhéne delta. The delta itself, 
the product of deposition in an almost tideless sea, isanother anomalous 
feature. The fact is that, while the distinction between the shorelines 
of emergence and submergence is valid enough, there are many 
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Fig. 70. Stages in the development of a shoreline of submergence 


Based on D. W. Johnson, Shore Processes and Shoreline Development, pp. 330-1 
(New York, 1919). 





Fig. 71. Stages in the development of a shoreline of emergence 


Based on C. R. Longwell, A. Knopf and R. F. Flint, Outlines of Physical Geology, 
p. 138 (New York, 1930). For the evolution of the offshore bar, see Fig. 9s. 
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stretches of coast that are compound in character, e.g. the result of 
slight emergence after a long period of submergence, or the result of 
anomalous features in structure, in delta formation and so on. 

To sum up: the coast of France, from the point of view of topo- 
graphy, can be divided conveniently into six stretches, each with a 
character of its own. Facing the Atlantic are the Channel coast, the 
Breton coast and that of the Bay of Biscay. On the Mediterranean, 
from west to east, the coast of Languedoc is followed by the Rhone 
delta which in turn is succeeded by the Riviera coast. ‘These six 
stretches must now be considered separately. For each, an account of 
its physical geography is followed by a summary of its main features. 


Tertiary 
1 54 Chalk 
{}{_] Other Mesozoic rocks 


1 KXX] Palaeozoic rocks’ 





Fig. 72. The geology of the lands around the English Channel 


"THE CHANNEL Coast: PHYSICAL GEOGRAPHY 


The English Channel was finally formed in geologically recent times 
when man was already on the earth. Previously its site had been 
occupied by the valley of a large river which was fed by tributaries 
both from England and France. The basins of London and Paris at 
this time formed a continuous land surface, and the rocks of southern 
England have their counterpart in those of northern France (Fig. 72). 
These continuous formations were broken by subsidences that 
helped to produce the English Channel and the Straits of Dover. 
The northern coast of France represents therefore a section across 
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the Paris basin, and the dominant fact about its rocks is that they are 
fairly uniform in character and not too resistant to the attack of the 
sea; an exception to this is the Cotentin peninsula jutting out in the 
west where the Channel broadens. The present features of the Channel 
coast have resulted from two processes—erosion and deposition. 
(1) Marine erosion has attacked the exposed cross-section with 
variable success according to the relative resistance of the rocks along 
the coast. Wave action has cut back the north-eastern cliffs faster 
than many valleys of the region have been eroded downwards. ‘The 
result has been to produce the ‘hanging valleys’ or ‘valleuses’ which 
form a feature of this stretch of the French coast (Fig. 73). ‘Their 








Fig. 73. Block diagram to illustrate the formation of ‘valleuses’ 


Based on E. de Martonne, Traité de Géographie Physique, vol. 1, p. 994 (Paris, 
1926). The retreat of the coast between stages (a) and (b) has been more rapid than 
the downward erosion of the rivers. 


frequent convergence towards a point some distance out to sea (Fig. 74) 
is an indication of the extensive wave erosion which has removed the 
main valley they once united to form. 

It has been estimated from historical records that in recent times 
the cliffs have retreated at a rate of 33 m.acentury. Cap de la Héve 
(95 m.) has retreated 1,400 m. in eight centuries; Pointe d’Ailly 
retreated some 40 m. between 1800 and 1847. The retreat of these 
promontories is facilitated by the lubricating action of percolating | 
water which enables the upper porous chalk to slip forward into the 
sea over the Gault marl below (Fig. 75). 

The Cotentin peninsula owes its rectangular form in part to the 
faulting that has also produced the Channel Islands. At one time it 
was completely an island, and evidences of raised beaches are to be 
seen bordering the present shoreline. It then became linked to the 
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Fig. 74. Valleuses on the north coast of France between 

Fécamp and St Valéry-en-Caux 
Based on D. W. Johnson, Shore Processes and Shoreline Development, p. 343 (New 
York, 1919). The cross indicates the village of St Pierre-en-Port. 
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Fig. 75. Section of the cliff at Cap de la Héve 


Based on G. de Joly and C. Laroche, Traxaux Maritimes: La Mer et Les Cotes, 
p. 123 (Paris, 1923). Percolating water enables the upper porous chalk to slip 
forward over the impermeable Gault marl below. These chalk blocks are then 


broken up by the sea. 
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mainland by uplift. Subsequent submergence common to the whole 
channel has resulted in the lowlying marshy area across the neck of 
the peninsula (Fig. 106). Westwards from the Cotentin extends a 
shallow undersea plateau upon which the Channel Islands stand. 

(2) Complementary to the erosion of the headlands has been the 
filling in of the embayments and estuaries. This is the second im- 
portant factor in the evolution of the Channel coast. The long-shore 
drift of material is in two directions. West of Cap d’Antifer, the drift 
is from east to west, towards the Seine estuary; about 25,000 cu.m. 
of pebbles accumulate annually in the elbow of the north dyke of 
the port of Havre. East of Cap d’Antifer, the drift is from west to east. 
A great quantity of pebbles forms annually between Cap d’Antifer and 
Dieppe but much of this mass does not pass eastwards owing to the 
stabilizing effects of groynes along the coast. These pebbles are formed 
mainly of flints from the chalk beds, freed as the cliff is eroded. 
Some flints from the cliffs formed to the east of Dieppe, however, go 
to the making of the banks of the Bas Champs on the south side of 
the Somme estuary (Fig. 76); between 1680 and 1861, the Pointe du 
Hourdel advanced some 2,500 m. Accumulation is still going on, but 
the fixing of the shingle beaches off the Pays de Caux by groynes, and 
the collecting of large quantities of flints for pottery has slowed up 
the rate of advance. 

The transport of material continues eastward despite the alterations 
in the trend of the coast, and grains of silica derived from the chalk 
flints of the coast of Normandy travel as far as the shores of Denmark. 
To the north of Le Tréport the coast is bordered by sand dunes; 
these separate marshy land from the sea, and are broken through by 
the estuaries of the Somme, the Authie and the Canche (Figs. 76, 77 
and 78). This type of lowlying country is more fully developed to the 
north of the chalk ridge that reaches the sea between Boulogne and 
Calais (Fig. 104). The dunes along this northern stretch of marsh 
between Calais and Dunkirk vary in length from 500 to 1,500 m., and 
in height from 15 to 25 m. above sea level. ‘The sea face of these dunes 
is fixed by groynes and fascine work, and is protected in many places 
by sea walls. 

It is not difficult to imagine that, when the Channel was first formed, 
the lowlying areas to the north and south of the chalk ridge formed 
large embayments of the sea (Fig. 79). In both areas, the former 
shoreline is marked by a line of abandoned cliffs. ‘The sand dunes of 
the present day originated as offshore bars protecting their respective 
embayments which have become solid land partly as a result of 
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physical processes (Fig. 95), and partly as a result of human action. 
The draining of these areas took place after the sixteenth century, 
and now they present a patchwork of intersecting channels. 
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Fig. 76. The Somme estuary 


Based on various maps in A. Briquet, Le littoral du Nord de la France (Paris, 1930). 
The successive stages in the evolution of the Pointe du Hourdel are shown in the 
inset. The area protected by the sand and shingle spit has been reclaimed. See also 
Figs. 80 and 81. 


Thus the original shoreline has been modified partly by erosion of 
the cliffs and partly by the filling up of the embayments to produce 
the even Channel coast of to-day, a process already summarized in 

- diagrammatic fashion by Figs. 70 and 79. 
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Fig. 77. The Authie estuary 


Based on various maps in A. Briquet, Le littoral du Nord de la France (Paris, 1930). 
See Fig. 76 for key. The area protected by the sand spit has been reclaimed; the 
dates of reclamation south of the estuary are given. 
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Fig. 78. The Canche eetudey 


Based on various maps in A. Briquet, Le littoral du Nord de la France (Paris, 1930). 
The area protected by the sand spit to the south of the estuary has heen reclaimed. 
The evolution of the spit has been similar to those at the mouth of the Somme and 
the Authie (Figs. 76 and 77). 
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Fig. 79. Present and former coastline near the Straits of Dover 
Based on A. Briquet, Le littoral du Nord de la France, p. 15 (Paris, 1930). 


"THE CHANNEL Coast: MAIN FEATURES 


Belgian Frontier to Sangatte (Fig. 104) 


This is a dune coast, with dunes 15-25 m. high. ‘The shore is 
protected against erosion by groynes, fascine work and sea walls. On 
the landward side is a lowlying plain intersected by a network of 
drains and relieved by islets rising above the general surface. This 
plain is bordered on the interior by a line of abandoned cliffs running 





Plate 51. Dunes near Ambleteuse 


Sand dunes are characteristic of much of the northern coast of France. This 
particular example lies between Boulogne and Cap Gris Nez at the mouth of the 
tiver Slack. Osiers have been planted in an attempt to stabilize the moving sand. 





Plate 52. Wimereux 


A small watering place 5 km. north of Boulogne at the mouth of a stream of the 
same name. The extent of flat beach is limited; on either side and behind the land 
rises quickly to the Jurassic limestone plateau of the Boulonnais. 
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from Belgium through Bergues, St Omer, and Nortkerque towards 
Sangatte (Plate 51). 

Communications. 'There is access by rail inland from the coast only 
at two points—Dunkirk and Calais. From Dunkirk a single line leads 
eastwards running about half a mile from the shore, across the Belgian 
frontier to Ghent; a double-track main line to Paris runs south 
towards Hazebrouck, and another double-track line leads westward, 
averaging 2-3 miles from the shore, to Calais. From Calais double- 
track lines lead to St Omer (for Lille and Lens) and across the 
Boulonnais to Boulogne. In addition a narrow-gauge railway goes to 
Lumbres on the Boulogne-St Omer line. 

There is a dense road network in the coastal region linking with 
that of the north-east industrial region. 

An extensive inland system of waterways from Dunkirk, Gravelines 
and Calais connects the coast with the industrial region. 


Sangatte to Cap d’ Alprech (Fig. 104) 


This stretch has chalk and Upper Jurassic limestone cliffs with 
occasional stretches of low dunes (Plates 52, 53). Cap Gris Nez is 
55 m. above sea level. Inland, the uplands of the Boulonnais continue 
on to the chalk hills of Artois which rise in places to 200 m. 

Communications. From Boulogne double-track railway lines lead 
north-east to Calais and south to Abbeville. From the latter line a 
single track diverges at Hesdigneul for St Omer. A narrow-gauge 
line runs eastwards to Bonningues (on the Calais-Lumbres local line). 

The main road runs along the cliff top and there is a dense network 
of roads in the interior. 


Cap a’ Alprech to Ault (Fig. 104) 


This is bordered by a continuous line of dunes up to 20 m., broken 
only by the estuaries of the Canche (Fig. 78), the Authie (Fig. 77) 
and the Somme (Fig. 76). The wide marsh on the south side of the 
Somme estuary is bordered by sand and shingle (Fig. 76). Inland, 
reclaimed marshes extend up the river valleys. The transition from 
the lowlying flats of the Somme estuary to the chalk cliffs at Ault is 
clearly shown by Figs. 80 and 81. 

Communications. Between Boulogne and the mouth of the Somme 
the main Calais-Paris railway line runs parallel to the coast some 
2-5 miles inland. Several narrow-gauge railways run from the coast 
to this main line—namely, from Hardelot, Le ‘Touquet, Berck, 
St Quentin-Plage, and Le Crotoy. South of the Somme a narrow- 
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gauge line leads inland from Cayeux to Noyelles, and another from 
Onival and Ault to Woincourt on the Abbeville-Le Tréport line. 
Behind the dunes there is a dense network of main and secondary 


roads. 
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Fig. 80. Block diagram of the Somme estuary, looking east 
The distance from St Valéry-sur-Somme (V)) to Le Tréport (T) is 24 km.; and to 
Abbeville (A), 17 km. To the left is the forest of Crécy near which the battle was 
fought in 1346. See also Figs. 76 and 81. 
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Fig. 81. The town of Ault looking north-east along the coast 
(drawn from a photograph) 
Immediately beyond the town, the high chalk cliffs give way suddenly to the low- 
lying flats of the Somme estuary (see Figs. 76 and 80). Note also the presence of 
groynes on the beach. 
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The Somme Canal follows the river from St Valéry via Amiens to 
join the St Quentin Canal that connects the north-eastern waterways 
with those of the Seine basin. 


Ault to the Seine (Figs. 104, 105) 


This is the longest stretch of high chalk cliffs in France. It has 
frequent ‘valleuses’ but is only rarely broken by valleys down to the 
sea, e.g. that of the Durdent. The average height of the cliffs is about 
80m. The nature of the cliffs is shown by Figs. 82 and 83 and by 
Plates 54 and 55; those near Etretat form striking coastal scenery. 
They slope gently inland to the high loam-covered chalk plateau 
of the Pays de Caux rising to 150 m. which is crossed by a series of 
parallel rivers. Navigation in the estuary of the Seine is difficult 
owing to swift tidal currents, to a tidal bore, and to shifting channels. 
Dredging has somewhat reduced these difficulties. 

Communications. Double-track railways lead inland from Le 'Tréport 
to Abbeville and to Abancourt for Paris; from Dieppe to Serqueux 
for Paris and to Rouen; and from Havre to Rouen. Between Le Tréport 
and Harfleur a single-track standard-gauge line runs roughly parallel 
to the coast at about 3-8 miles inland, except where it approaches the 
sea at Dieppe and Fécamp. There is access to this line from the coast 
by branches from St Valéry-en-Caux and Ftretat. 

There is a dense network of main and secondary roads to which 
access can be obtained from the sea at Le Tréport, Dieppe, St Valéry- 
en-Caux, Fecamp, Etretat and Havre. 

From Havre to 'Tancarville a canal avoids the dangerous navigation 
of the estuary by cutting east-west across the marshes. 


The Seine to the Bate des Veys (Figs. 105, 106) 


This is a changing coastline owing to the variety of geological 
outcrops. Between Honfleur and Trouville, chalk and limestone are cut 
by the sea and result in steep wooded cliffs, bordered by a hard sand 
beach and a series of reefs known as Rochers des Creuniers. Between 
Trouville and the Dives estuary the cliffs are made of clay and become 
broken in character. These cliffs, known as Vaches Noires, rise to 
110m. and are a conspicuous feature. From the Dives estuary te 
Ouistreham is a sandy foreshore with dunes rising to 20 m. Between 
Ouistreham, on the marshy estuary of the Orne, and Graye are off- 
shore fringing reefs, e.g. the rock-strewn Plateau du Calvados. From 
Graye to Arromanches is a low rocky coast; cultivated land reaches 
almost to the edge of the sea. Cap Manvieux is a high white cliff 
rising to 40 m., and bordered by a line of reefs. Cliffs and reefs 
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Fig. 82. The chalk cliffs near Etretat on the coast of Normandy 
(drawn from a photograph) 


Etretat is on the far side of the cliffs which are about 100 m. high. 
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Fig. 83. Chalk cliffs near Bruneval, 6 km. south of Etretat 
(drawn from a photograph) 


Screes have developed below the cliffs which are about 100 m. high. 
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Plate 54. Le Tréport 





Plate 55. St Valéry-en-Caux 


The chalk cliffs along the coast of the Pays de Caux are interrupted at intervals by 
small estuaries, at the mouths of which are minor ports or seaside resorts, as at 
Le Tréport (above) and at St Valéry (below). 
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continue westwards to Grandcamp, but the cliffs are interrupted by 
occasional valleys; the most important of these is the deep opening at 
Port-en-Bessin. Where the coast turns south, in the Vire estuary and 
the Baie des Veys, the cliffs are replaced by the rocky Pointe de 
Maisy and by low dunes. Behind the dune coast in the east are some 
shore stretches of marsh and flooded meadows. On the western side 
of the estuary, the ground slopes up gently inland. 
Communications. Access by rail to the hinterland is from Trouville- 
Deauville by the main double-track line to Lisieux (for Paris). ‘he 
main Paris-Cherbourg line roughly parallels the coast 8-24 km. 
-inland from Lisieux via Caen to Lison. ‘There is access to this main 
line by single-track standard-gauge lines from Honfleur, Dives- 
Cabourg, Courseulles and Isigny, and by narrow-gauge line from 
Luc-sur-Mer via Ouistreham to Caen. 
There is a dense network of main and secondary roads. 
From Ouistreham to Caen a canal avoids the meanders of the Orne. 


Baie des Veys to Granville (Figs. 106, 107) 


The eastern side of the Cotentin peninsula has a sandy coast. From 
the Vire estuary the coast curves northwards to St Vaast. At low 
water there is a sand beach 600 m. wide, interrupted by reefs towards 
St Vaast. From St Vaast to Barfleur are low and intermittent granite 
cliffs, followed by a low sandy shore to Cap Levy which is over 28 m. 
high. From Cap Lévy to Cap de la Hague the coast runs roughly 
east-west and becomes low towards Urville. West of the sandy 
beach at Urville, there are high cliffs almost as far as the low granite 
promontory of Pointe de Jardheu. These perpendicular rocks, grey 
in colour, are cut by deep valleys. Cap de la Hague, so prominent 
on the map, is a low sandy point, backed by cliffs. Here the coast 
abruptly changes direction to 4’north-south line, owing to a great 
_ fault. Along this north and south stretch of the coast the more resistant 
rocks stand out as promontories. Thus Cap de Flamanville, 80 m. 
high, is made of granite; the Pointe du Roc, on which Granville 
stands, projects more than 1 km. to sea. Between these two head- 
lands stretches a belt of sand dunes up to 2 km. wide. The shore is 
bordered by intermittent reefs up to 2 km. in width. 

Communications. ‘The principal means of access by rail inland are 
along the two main lines leading to Paris, one from Cherbourg and 
the other from Granville. There are also single-track lines leading 
from Barfleur to Valognes and Cherbourg; from Carteret across the 
peninsula to Carentan and from Régnéville inland to the north-south 
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Cherbourg-Folligny line which itself touches the coast at the head 
of the Ay estuary. 

The Cotentin peninsula as a whole has a dense network of roads 
and there are very many points round the coast from which roads 
give access to the interior. 


THE BRETON COAST: PHYSICAL GEOGRAPHY 


The peninsula of Brittany, jutting boldly into the ocean, provides the 
most rugged, wild and broken portion of the French seaboard. Two 
factors are responsible for its distinctive characteristics—first the 
nature of its rock and, secondly, the subsidence that allowed the sea 
to flood the lower-lying portions of an earlier shoreline. 

The effect of differential erosion upon resistant and less resistant 
rock can be seen both on a large scale and in detail. All the irregu- 
larities, however, are not the result of the destructive action of the 
waves. ‘The sea has simply overflowed on to a surface already made 
irregular by subaerial erosion. ‘The Breton peninsula as a whole is a 
relic of a former mountain chain, whose folds ran roughly east-west, 
and accordingly the Breton coast can at once be divided into three 
distinct stretches. ‘The north and south coasts run parallel to the 
grain of the ancient mountains. But on the western coast, the sea has 
cut abruptly across the grain to produce a much more indented 
shoreline. In particular, this cross-cut has enabled the sea to have 
access to the less resistant rocks of the Basin of Chateaulin (Fig. 84). 
These have been eroded farther inland than the granitic peninsulas 
to the north and south, upon which Brest and Douarnenez stand. 
This accounts, in part, for the great inlet of the west, stretching 
between the Pointe de St Mathieu and the Pointe du Raz. The inlet 
would be even greater but for the cross-shaped peninsula of Crozon, 
which owes its peculiar form in part to a series of cross-faults (Fig. 85). 

The same factor of differential erosion can be seen governing not 
only the general character of the Breton seaboard but also its details. 
Granitic headlands standing bold to the sea are a feature of the coast. 
On the north, Cap Frehel and the Pointe de St Cast rise perpen- 
dicularly to a height of 50 m.; to the west, the Pointe de Plouha reaches 
100 m. in height. It is the same along the south coast where the pro- 
montories of Penmarc’h, of 'Trévignon and of Quiberon all owe their 
existence to the superior resistance of granite. Along both north and 
south the bays have been eroded from less resistant metamorphosed 
rocks; those of Morlaix, of St Pol-de-Léon and of la Forét are good 
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examples. At the base of the granitic cliffs there is frequently an 
abrasion platform marked by rocks and shallows (Figs. 89, 90) and 
extending nearly a kilometre out to sea in many places. The rocky 
nature of the coast is well seen in the neighbourhood of Roscoff 
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Fig. 84. Simplified geology of Brittany 
Based on the Atlas de France, plate 7 (Paris, 1939). Resistant granite headlands 
are a feature of the Breton coast. Where the shore cuts across the east-west grain 
of the country in the west, the sea has gained access to the less-resistant rocks of the 
Basin of Chateaulin. 


(Fig. 89). Along the west coast, as in the north and south, granite 
plays a role of resistance, but in places the metamorphic rocks are so 
resistant that they withstand erosion as well as, or even better than, 
granite. Along the northern shores of the approach to Brest, the 
granite cliffs of Creac’-hmeur and the Anse de Berthaume lie between 
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high and precipitous cliffs of slates. It is only very locally, however, 
that the metamorphic rocks reach such a high degree of resistance. 
Generally speaking, the edge of Brittany 1s a granite-dominated coast, 
whose arches and islets offer many curious examples of the ingenuity 
of marine erosion. The coast near the Méan Ruz lighthouse is a 


typical example of this irregularity (Fig. 86). 
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Fig. 85. The Crozon peninsula 


The peninsula owes its curious shape to folding and faulting and to differential 
erosion. The harder grits, quartzites and igneous rocks form the headlands; the 
less resistant shales and slates have been etched out into bays (Plates 3, 59). 


The second factor that has determined the character of the Breton 
coast is the subsidence common to all the Atlantic shores of France. 
The drowned valleys of Brittany form, in fact, a good example of a 
‘ria’ coast, where an unglaciated region has had its margins flooded 
by the sea. The rias are, naturally, most pronounced where the coast 
cuts across the ancient folding of the country. Here, the submarine 
contours of the great roadstead of Brest and the Baie de Douarnenez 
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give some indication of a former river valley that once ran out to a 
more remote western sea. In the south, the inlets of Concarneau, 
of Lorient and of Morbihan are similar in origin. The northern 
coast, being more nearly parallel to the grain of the country and fed 
by smaller rivers, is not marked by such large inlets, but even here 
the bays of Mont St Michel and of St Brieuc, the drowned estuary of 
the Rance and the little inlet of Trieux (Fig. 87) all bear witness to the 
same process. Nor is the evidence of submergence confined to the 
mainland itself. Numerous small archipelagos and islands fringe the 
Breton coast. These, like Belle Ile, Groix and Ouessant, are outliers 
of the main massif and separated from it by the invading sea. Along 





Fig. 87. Block diagram of the peninsula of Trégorrois in northern Brittany 


Based on E. de Martonne, Traité de Géographie Physique, vol. 11, p. 1024 (Paris, 
1926). The drowned estuary of the 'Trieux, the outlying Ile de Bréhat, the irregular 
coast, and numerous rocky islets—all are typical of the Breton shoreline. The 
base of the diagram is about 5 km. long. 


the south coast the islands of Quiberon and Le Croisic have been 
rejoined to the mainland by spits (Fig. 92). 

These inlets of the sea have not been left untouched since the time 
of their formation. Just as the headlands have been attacked and an 
abrasion platform produced in many places, so the bays and gulfs, 
or some of them at any rate, have started to fill up. In the Baie de 
Mont St Michel, the work of nature has been aided by that of man. 
Along the south rise of the bay are reclaimed marshlands on the site 
of a former lagoon that lay behind a sand bar. These flats of Dol are 
protected from the sea by a dyke some 14 km. long; above them 
Mont Dol itself rises precipitously some 70 m. high—once an islet, 
now surrounded by cultivated land. The outlying Mont St Michel 
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has not yet reached this stage, but even it is connected to the mainland 
by an artificial causeway (Plate 56). ‘This reclamation in the Baie de 
Mont St Michel is on a moderately large scale; smaller examples of 
silting are to be seen in many of the lesser inlets, though, of course, 
artificial reclamation has taken place in only a few of these. On the 
Ile de Bréhat there is an example of local silting on a small scale 
(see Fig. 88). | 
Erosion of the headlands and silting up of bays is far from complete. 
They mark a stage in the sequence of processes indicated on Fig. 70, 
but they have not yet gone far enough to destroy the initial charac- 
teristics of the Breton coast as a ‘young’ shoreline of submergence. 
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Fig. 88. Shingle ridge at the head of a bay in Ile de Bréhat, 
northern Brittany 


Based on E. de Martonne, Traité de Géographie Physique, vol. 11, p. 984 (Paris, 
* 1926). A shingle ridge connects two rocky promontories, and protects a marsh 
from the sea. 
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Granville to Cancale (Fig. 107) 


South of Granville is the Baie de Mont St Michel. Low water 
reveals a vast expanse of calcareous sand, almost as fine as mud, 
dominated by the pyramidal block of granite 78 m. high, from which 
it takes its name. This hill is 286 m. in diameter and is connected by 
an artificial causeway on which road and rail run to the mainland. 
Along the south side of the bay are reclaimed marshlands protected 
from the sea by dykes. Rising out of the marsh is Mont Dol, 65 m. 
high, which is another granite mass comparable with Mont St Michel. 
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Communications. The Cherbourg-Rennes railway line runs roughly 
parallel to the coast between Folligny and Dol, touching the head of 
the Baie de Mont St Michel at Avranches and Pontaubault. From the 
latter place a single-track line leads inland to Domfront. ‘The standard- 
gauge line along Mont St Michel causeway joins the main line at 
Pontorson. 

There is a dense network of roads along the coast and in the interior, 
except on the Dol marshes. 


Cancale to Plouézec (Fig. 107) 


From Cancale to Cap d’Erquy the rocky cliff coast is broken by 
numerous inlets of which the largest is the broad estuary of the Rance 
extending 28 km. to Dinan. Cancale stands on a peninsula formed of 
slates. ‘The headlands of Cap Frehel and Pointe de St Cast rise perpen- 
dicularly for 50m. Along this stretch are small coves often with hard 
sand beaches sometimes backed by pine-covered sand dunes; at 
Matignon these reach 48 m. At the small cove of St Cast an English 
expedition landed in 1758. Near St Brieuc the coast abruptly changes 
to a south-east to north-west direction. The cliffs along this stretch 
vary in character. At Pointe du Roselier near St Brieuc they are 
high and steep on the north and south sides of the point but have a 
gentle slope on the eastern side. ‘he Pointe de Plouha, on the other 
hand, rises perpendicularly to 100 m. and is the highest point on 
St Brieuc Bay. | 

Communications. ‘The main means of access by rail inland is via the 
double-track standard-gauge line from St Malo to Dol (for Rennes 
and Paris). A single-track main line roughly follows the coast from ~ 
Dol through Dinan to Lamballe where it meets the Rennes-Brest line 
which continues it westwards through St Brieuc and Guingamp. 
Standard-gauge single-track connexions from the coast to this line 
run from Dinard to Dinan, and from Le Légué to St Brieuc; this 
latter continues southwards across Brittany to Auray (for Lorient). 
There are also numerous narrow-gauge lines in the immediate neigh- 
bourhood of the coast which they reach at Cancale, St Malo, St Brieuc 
and St Cast. From the last named a sinuous line roughly follows the 
coast to St Brieuc and Paimpol. 

The road density is less than in any of the preceding sections but 
there is no scarcity either of main or secondary roads. ) 

The estuary of the Rance is navigable at high water to just above 
Dinan, from which navigation can be continued to Rennes by canal. 





Plate 57. Rocky foreshore near Dinard 





Plate 58. Coast near l’Aber-Wrac’h 


In the numerous drowned estuaries of the Breton coast, seaweed, torn from the 
rocks by the waves, accumulates and is collected for use as manure or in the 


manufacture of iodine. 





Plate 59. Camaret Bay 


Part of the coast of the Crozon peninsula (see Fig. 85 and Plate 3). The cliffs in 
the foreground are of gritstone; the bay has been formed on softer shales. The 
small fishing harbour of Camaret is sheltered by a sandspit. 





Plate 60. Pointe du Raz 


These rugged granitic rocks, somewhat resembling Land’s End, form the western- 
most point of the French mainland, and are in consequence exposed to the full 
force of the Atlantic gales and swell. The lighthouse is the Phare de la Vieille. 
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Plouézec to Pointe de Corsen (Figs. 107, 108) 


This stretch of coast consists of an almost continuous series of 
granitic cliffs fringed by reefs and outlying rocks. The coast near 





Fig. 89. ‘The coast of northern Brittany near Roscoff 


The main built-up area of the town is diagonally ruled. 


Roscoff well illustrates this rocky nature (Fig. 89). The most dis- 
tant of the offshore islets are Les Sept Iles some 6 km. out to sea. 
Between Plouézec and Pleubian this rocky margin is particularly well 
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developed and includes one of the largest of the islands—the Ile de 
Bréhat. The outline of the whole coast is broken by many small 
irregularities. Where, however, less resistant schists reach the sea, 
these irregularities become large and form bays of moderate size; 
that is the origin of the bays of Plestin, Morlaix, St Pol de Léon 
and Goulven (Fig. go). All these have considerable stretches of sand 
at low water, and some of them are silting up (Plate 58). 
Communications. The main Paris-Brest railway line follows the 
general direction of the coast westward from St Brieuc to Brest. 
Numerous standard and narrow-gauge branches link coastal resorts 
and fishing villages with this main line. Standard-gauge lines, from 
east to west, run from Paimpol to Guingamp, from Lannion to 
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Fig. 90. The coast near the Gréve de Goulven, west of Plouescat 
This irregular coast with outlying rocks is a feature of northern Brittany. 


Plouaret, and from Roscoff to Morlaix. Narrow-gauge lines connect 
with the coast at Paimpol, Pleubian, 'Tréguier, Perros-Guirec, Plestin, 
Primel-Trégastel, St Pol-de-Léon, Plouescat, Brignogan, 1l’Aber- 
Wrac’h and Porspoden. 

A dense network of roads, mainly secondary, exists in the coastal 
region and the immediate hinterland through which a main trunk 
road connects Brest and St Brieuc. 

Many of the coastal creeks are navigable for small vessels at high 
water. 


Pointe de Corsen to Penmarc’h (Figs. 108, 109) 


The western coast of Finistére from Pointe de Corsen to Pointe de 
St Mathieu consists of high cliffs rising to approximately 80 m. above 
the sea; towards St Mathieu itself they become increasingly steep. 
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Numerous small rocky islets lie between Finistére and Ile d’Ouessant 
which is a bare level island 30-65 m. high and 8 x3 km. (i.e. about 
twice the size of Lundy). There are low cliffs in the south-west, 
but the coast rises up to 61 m. on the north-east. ‘The island has no 
trees; lighthouses and windmills for water form the most outstanding 
features of its landscape. | | 

Between Pointe de St Mathieu and Pointe du Raz is a great inlet 
divided unequally by the peninsula of Crozon (Fig. 91). The northern 
part forms the anchorage on which Brest stands, while the southern, 
open to westerly gales, has only the small fishing village of Douar- 
nenez. 

The Goulet de Brest, so easy to defend, is the only sea approach to 
the great drowned estuaries of the Elorn and Chateaulin (Aulne). 
The minor creeks around the estuary are silting up and 1n some cases 
are being reclaimed; between them rise steep, thickly wooded 
hills. 

The curiously shaped peninsula of Crozon (Fig. 85) is for the most 
part bordered by cliffs (Plate 59). ‘fo the south, the Baie de 
Douarnenez has been eroded out of less resistant slates; its southern 
shore is granitic and terminates in the steep cliffs of the Pointe 
du Raz (Plate 60). The line of this promontory continues for 20 km. 
out to sea as reefs and low islands on which but a few fishermen live. 

To the south of the Pointe du Raz stretches the curve of the great 
Baie de Audierne formed in less resistant schists. It is bordered by 
high cliffs as far as Plozévet, but beyond this for over 10 km. there 
stretches a shingle beach until the promontory between St Gueénoleé 
and Pointe du Penmarc’h is reached. 

This great inlet between the Pointe St Mathieu and Pointe du Raz 
continues inland as the depression of Chateaulin between higher land 
of more resistant rocks (Fig. 84). 

Communications. Apart from the Brest-Paris railway line, and its 
single-track branch to Quimper (for Nantes), the only standard-gauge 
line reaching the coast is that from Douarnenez to Quimper. ‘There 
are narrow-gauge lines from Camaret and Le Fret to Chateaulin, 
and from Audierne to Douarnenez and to Pont l’Abbé, and from 
St Guénolé to Pont l Abbé (for Quimper). 

A road network of moderate density exists in the immediate hinter- 
land; the main trunk roads lead east from Brest, Crozon and 
Douarnenez. 

The navigable waters of the lower Aulne lead to the Nantes-Brest 
Canal at Chateaulin. 
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Penmarc’h to the Lotre (Figs. 109, 110) ~ 


Like the northern coast of Brittany, this southern stretch is very 
irregular in outline. Many of its promontories, such as those of 
Penmarc’h, Trévignon and Quiberon, owe their existence to the 
superior resistance of granite; an exception to this is the big peninsula 
west of St Nazaire which is formed of schists. The general line of the 
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The spits (dotted) have joined the outlying islands to the mainland (cross-ruled). 
Sand exposed at low water is shown by finer dots. Some sand dunes have accumu- 
lated on the islands themselves. Between the double spit at Le Croisic lies a marshy 
area. Compare with Fig. 99. 


coast, as in the north, is broken by numerous estuaries; the four main 
ones from west to east are those of the Odet, the Blavet, the opening 
of Morbihan and the estuary of Vilaine. ‘The outlying islands of the 
south are overshadowed in size by Belle Ile whose steep cliffs are 
occasionally relieved by sandy bays. A British force occupied the 
island between 1761 and 1763 during the Seven Years’ War. Another 
prominent island is that of Ile de Groix south of Lorient; this is a 50m. 
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plateau made of slates and is also bordered by steep cliffs broken > 
only by occasional small sandy bays. The inshore islands of Quiberon 
and Le Croisic have been joined to the mainland by spits (Fig. 92). 
Despite the general similarity to the north, the southern shore is 
different in many respects. Its coastal plain is wider and the shore 
features are more gentle, with broad expanses of water in the low 
relief of the drowned coast. This is especially true to the east of 
Lorient, where occasional stretches of dunes border the sea coast. ‘The 
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Fig. 93. Block diagram of the inlet of Morbihan, looking north-east 


The distance from Carnac to Sarzeau is 24 km. A, Auray; C, Carnac; S, Sarzeau; 
V, Vannes. 


small interior sea of Morbihan, bordered by cliffs and almost dry at 
low water, is a particularly striking feature of the coast (Fig. 93). Its 
restricted entrance results at some states of the tide in tidal currents 
of 9-10 knots in the eastern part, thus making navigation impossible. 
Some of the lowlying areas have been drained. ‘The drained land of 
Le Croisic and the whole marshy stretch of Grande Briere at the mouth 
of the Loire mark stages in the straightening of a one-time very much 
indented shoreline. 

Communications. The double-track railway line from Quimper to 
Nantes roughly follows the coast, averaging about 8 miles inland 
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between Quimper and Vannes, save where it touches the Scorff 
estuary at Lorient. Between Vannes and Nantes it runs inland to 
Redon and southwards to the Loire estuary. Double-track branches 
from this line run to St Nazaire from Pont Chateau and Savenay. 
Single-track standard-gauge branches run inland to this main line 
from Pont l Abbé to Quimper; from Concarneau to Rosporden; from 
Quiberon to Auray (continuing thence across Brittany to St Brieuc); 
and from Le Croisic to St Nazaire. Narrow-gauge lines run inland 
from Lorient to Plouay and central Brittany; from Hennebont to 
Baud for Pontivy; from Port Navalo to Vannes and Pontivy with a 
branch from Surzur to the north bank of the Vilaine river opposite 
La Roche-Bernard. ‘This line is resumed on the south bank running 
thence to St Nazaire. 

There is a fairly dense network of minor roads in the neighbourhood 
of the coast leading to the main trunk road which roughly follows the 
coast at about 8 miles inland from Quimper via Lorient and Vannes 
to Nantes. 

The navigable water of the lower Blavet leads at Hennebont to the 
Blavet Canal, which links at Pontivy with the Brest-Nantes Canal. 
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To the south of the Loire the subsidence so visible in Brittany 
produced different results. ‘The shore conforms virtually with the 
north-west to south-east direction of the Armorican folds, and the 
result is a correspondingly more regular outline. Moreover, the sea 
rose upon lower land with broad river valleys, and its water therefore 
spread more widely to produce not the narrow rias of Brittany but 
comparatively wide embayments. The largest of these openings are 
protected from the open sea by islands; Noirmoutier protects the 
_ Baie de Bourgneuf, the Ile de Ré protects the Marais Poitevin, and 
the Ile d’Oleron protects those near Rochefort. These three islands 
reflect the south-east to north-west line of the Armorican folding in 
their shape. The bays they protect, and many smaller inlets too, have 
now been partially filled up as a result of deposition by long-shore 
drift. Fig. 94 shows to what extent the coast has been regularized by 
this deposition. The largest of these old gulfs is now the Marais 
Poitevin. Its history epitomizes the general story of the coast between 
the Loire and the Gironde, and that general story is similar to 
that summarized by the sequence on Fig. 95. Behind an alluvial 
bar, now covered with dunes, there stretched a marsh that, through 
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the action of man as well as of nature, has become a fertile plain 
devoted largely to market gardening. 

From the Gironde southward an even lower landscape fell beneath 
the sea. To-day, its chief characteristic is a line of coastal dunes, some 
+ km. broad, that stretches from the Pointe de Grave almost without 
interruption for some 230 km. to Biarritz. These dunes have grown 
upon an alluvial bar (or series of bars) that constituted a natural dyke 
in front of an original winding shoreline. The indentations of the 
older coast now appear as lagoons backing on to the mainland of the 
Landes (Figs. 112, 113 and Plate 63). 

The sand dunes, stretching up to 7,000 m. in length, are disposed 
in a series of parallel crests over 50 m. high and separated by small 
depressions. The largest dune is situated some 9 km. south of Arcachon 
and is known variously as the Dune de Pilat or the Dune de Sabloney. 
It was 76 m. high in 1847 but has since grown to 100 m., and 
is the largest moving sand dune in Europe. It forms the perfect 
example of a moving dune and advances into the interior several 
metres a year, burying nearby trees beneath its great mass of white 
sand. Movement of sand dunes along the coast as a whole, however, 
has been greatly reduced by the planting of maritime pine, willows, 
etc. This method of fixing the dunes was first suggested in 1783 by 
the engineer Bremontier, and since that time the development of the 
coast has been affected to a large degree by successive generations of 
planting (Plates 21, 22, 62). 

On the landward edge of the dunes there stretches a north-south 
chain of lagoons—the meres of Hourtin, Lacanau, Arcachon, Cazaux, 
Biscarosse, Aureilhan, etc. hey vary in depth from 7 to 22 m., and 
are slowly filling up, partly with deposits from streams and partly 
with sand from the nearby dunes. ‘They all have no outlet to the sea 
with the exception of the Baie d’Arcachon. To this stretch of water 
the other meres are linked by canals. 'This great bay is a lagoon whose 
offshore bar has been breached by a narrow channel between Cap 
Ferret and the Pointe d’Arcachon (Fig. 97). Cap Ferret is growing 
steadily southwards as the coastwise material moves from north to 
south. ‘The Pointe d’Arcachon, however, is being eroded, as shown 
by the destruction of a semaphore in 1920; a sea wall has now been 
built to reduce the erosion. | 

The floor of the ocean off this regular coast has one very peculiar 
feature. Nearly opposite the mouth of the Adour is the submarine 
channel known as the Fosse de Cap Breton (Fig. 96). The origin of 
such submarine canyons in a continental shelf has been disputed; 
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Fig. 94. The coast between the Loire and the Gironde 


An earlier shoreline was very irregular, with many drowned valleys, but de- 
position has considerably smoothed its outline; the former inlets now appear as 
alluvial areas. 
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Fig. 95. Stages in the development of an offshore bar 


Based on D. W. Johnson, Shore Processes and Shoreline Development, p. 378 (New 
York, 1919). 
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there is one off the Congo and another off the Hudson in North 
America. ‘There have been many theories to account for these features. 
Some people have regarded them as river beds formed at a time when 
the land stood much higher than it does now. Others have ascribed 
them to faults or other tectonic disturbances. It would be difficult to 
say which theory is applicable to the Fosse de Cap Breton. But great 
as this submarine gulf may be, it has produced no modification in the 
outline of the adjoining coast. | 





Fig. 96. The Fosse de Cap Breton 


The great sweep of the Gascon shore comes to an abrupt end 
towards Biarritz. From here to the Spanish frontier the shore cuts 
across the steeply dipping rocks of the Pyrenean fold system to form 
an alternation of cove and cliff. The Baie de St Jean de Luz, at the 
estuary of the Nivelle, has been filling up with southward-drifting 
sand. Between 1749 and 1863 its shore advanced at the rate of 84 cm. 
a year. Now, dykes protect the entrance to the bay and interfere with 
that smoothing out of coastal irregularity that has been such a feature 
of the Atlantic coast of France. 
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The Loire to Les Sables d’Olonne (Figs. 110, 111) 

On the left bank of the Loire is the peninsula of the Pays de 
Retz. Its western margin is bordered by sand dunes. As the Pointe 
de St Gildas is approached, these dunes are replaced by cliffs fringed 
with rocky ledges that extend 1 km. to sea. On the other side of the 
headland the cliffs become much higher, rising up to 40 m. above 
the sea. At the head of the Baie de Bourgneuf is the low wet plain 
of the Marais Breton. Its salt marshes are bordered on the seaward 
side by muddy sandbanks that stretch out to the Ile de Noirmoutier. 
This island can be reached at low water by a ford. At high water 
the narrow channel between the isle and the mainland has strong 
currents and often heavy seas. ‘The island is low lying, with salt 
marshes in its broadest portion, with dunes along the south and with 
cliffs of old resistant rocks at the northern end. The western and 
northern shores are unapproachable owing to reefs. 

At La Barre-de-Monts, the coast changes direction. From here 
to Les Sables d’Olonne it is smooth, and bordered by a continuous 
stretch of sand dunes of uniform height (28 m.). In the middle of 
the stretch there is an interruption at Grosse ‘Terre, where a black 
rocky cliff, approximately the same height as the dunes, appears. 
From Grosse ‘Terre southward the coast is bordered in places by a 
rocky platform, part of which is exposed at low water. The granitic 
Ile d’Yeu, rising to 35 m., is almost completely surrounded by low 
but steep cliffs. ‘The rocks which border the island, save for the 
sandy beach on the east, are continued to the north-west by outlying 
reefs. 

Communications. Single-track standard-gauge railway lines lead 
inland from Paimbeuf and Pornic to Nantes, from St Gilles to 
La Roche-sur-Yon and Ste Pazanne (for Nantes), and from Les Sables 
d’Olonne to La Roche-sur-Yon. A narrow-gauge line closely follows 
the coast, and is never more than 2 miles inland, from Bourgneuf- 
en-Retz via Fromentine and St Gilles to Les Sables d’Olonne; this 
is linked to the St Gilles-Ste Pazanne line at Challans. Another 
narrow-gauge line runs from Les Sables d’Olonne to Lucon on the 
line from La Roche-sur-Yon to La Rochelle. 

A road network of moderate density exists behind the coast, though 
this is sometimes separated from the sea by marshes or sand dunes. 
The principal points on the coast that give access to main roads are 
Paimbeeuf, Pornic, St Gilles and Les Sables d’Olonne. 








Plate 61. Oyster beds at Marennes 


The seaward margins of the numerous marshes on the west coast between the 
Loire and the Gironde have been utilized for oyster cultivation. The Marennes 
district, south-west of Rochefort, and sheltered by the Ile d’Oleron, is especially 
famous and is reputed to produce the best oysters in Europe. 





Plate 62. The Landes coast near Arcachon 


Sand dunes stabilized by pines. 
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Les Sables d’Olonne to the Gironde (Figs. 111, 112) 


Just south of Les Sables d’Olonne, the general direction of the 
coast changes as it cuts the southern margin of the more resistant 
rocks of La Vendée. Immediately to the south, calcareous Jurassic 
rocks appear between Les Sables d’Olonne and Pointe du Payré 
forming a cliff with an average height of 40 m.; beyond this, rocks 
and shoals continue for 22 km. out to sea. To the south of this runs 
the stretch of dunes protecting the Marais Poitevin from the sea, and 
broken by the estuaries of the Lay and Sévre rivers. The latter flows 
into the great and mud-filled Baie de!’ Aiguillon, which is bordered to 
the south by a Jurassic limestone peninsula on which La Pallice and 
La Rochelle are situated. The Ile de Ré continues this promontory 
towards the north-west, and is an island rising to 18 m. and girdled 
by reefs. In the north, the reefs enclose a partially drained marshy 
area. From La Rochelle to Pointe d’Arvert the coast is varied by 
- small projecting headlands mainly of limestone. Between these head- 
lands lie stretches of salt marsh bordered at low water by soft 
mud flats. The Ile d’Aix is a low wooded island with rocks on the 
northern and western sides. The Ile d’Oleron is formed mainly of 
limestone that appears as a cliff on the northern point. Its western 
coast is bordered by stretches of dunes, seaward of which lie extensive 
reefs; the east too has some dunes, but much of this is marshy. Its 
southern coasts are bordered by low dunes. Between these two dune 
regions are marshlands, some of which are flooded at each high tide 
(Plate 61). From Pointe d’Arvert to the Gironde is a wide expanse 
of dunes with a sandy foreshore. 

Communications. ‘The double-track main railway line from Nantes 
to Bordeaux touches the coast at La Rochelle and runs inland up the 
Charente valley from Rochefort to Saintes. There is also direct access 
from La Rochelle to Niort by a double-track standard-gauge line, and 
a branch from this line serves Rochefort. Single-track standard-gauge 
lines lead inland to the Nantes-Bordeaux line from La Pallice, from 
Fouras, from Le Chapus and from La Gréve. Narrow-gauge lines 
run inland from L’Aiguillon and from Marennes; another narrow- 
gauge line follows the coast from Pointe d’Arvert to Royan. Narrow- 
gauge lines also run the length of Ile de Ré and Ile d’Oleron. 

The road network in the coastal district is dense except in the great 
stretches of marshes. Several trunk roads radiate inland from La 


Rochelle. 
The lower reaches of the Sevre and Charente are navigable, and 
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short canals connect the former with La Rochelle and the latter with 
Marennes. 


The Gironde (Fig. 112) 


At the Pointe de la Coubre the coast abruptly changes direction, 
and turns south-east to form the northern shore of the Gironde and 
the dunes cease west of ‘Terre Negre where they are succeeded by 
low cliffs to Mortagne-sur-Gironde. At this point the estuary is 10 km. 
broad; here it trends southward and is bordered by a stretch of drained 
marsh. All the western side of the Gironde consists of lowlying 
alluvium. Towards the Pointe de Grave this becomes the extensive 
drained marshes of Petite Flandre in Médoc. 

Communications. At the mouth of the estuary a double-track 
standard-gauge railway line links Royan with Saintes. Farther south, 
the Saintonge system of narrow-gauge railways sends branches to the 
estuary at Mortagne-sur-Gironde and Port Maubert. These lines 
lead inland to the Saintes-Bordeaux main line. Farther south still, 
single-track standard-gauge lines link Blaye with two points on this 
same line. On the western side of the estuary an electrified line runs 
through Médoc from Bordeaux (St Louis) to Le Verdon and Pointe 
de Grave touching the estuarine shores only at Pauillac. 

A secondary road network of moderate density lies on either side 


of the estuary leading to the main trunk routes which connect 
Bordeaux with Royan and Le Verdon. 


Pointe de Grave to Biarritz (Figs. 112, 113) 


The Pointe de Grave is the northern extremity of the peninsula of 
Médoc, lying between the Gironde and the sea. As a result of wave 
action, the point is moving upstream and is now about 2 km. south 
and 1 km. farther east than it was in 1785. Eight km. of expensive 
dykes and breakwaters have been built in an attempt to anchor the 
foreshore. To the south of the point the straight coast of the Landes 
continues without interruption almost to Biarritz for 230 km. Sand 
dunes separate lagoons from the sea, and the monotony of the coast is 
broken only by the Baie d’Arcachon (Fig. 97) and the Adour estuary. 

Communications. Apart from the electrified main railway line from 
Bordeaux to Hendaye, with its electrified branches from Lamothe to 
Arcachon, the railways of the Landes consist of a series of single-track 
standard-gauge tracks running from the main line through the forests 
to the inner edge of the dunes. 'The only lines actually reaching the 
shore do so at Lacanau-Océan, Biscarosse-Plage and Minizan-Plage. 
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Very few roads approach the coast, and in the interior of the Landes 
the road network is extremely sparse. The only main roads which 
reach the coast do so at Arcachon and Minizan. 
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Fig. 97. The Baie d’Arcachon 


The line of dunes along the coast of the Landes is breached only by the Baie 
d’ Arcachon through which the River Leyre reaches the sea. Note the elongated spit 
of Cap Ferret, and the shallow nature of the bay, much of which is exposed at low 
water. The Dune de Sabloney was 76m. high in 1847, but has since grown to 
100m., and is the largest moving sand dune in Europe. 


Biarritz to Hendaye (Fig. 113) 


From just north of Biarritz to the Spanish frontier at Hendaye, the 
coast changes abruptly, and assumes a broken character with cliffs 
and coves. ‘The largest bay in this stretch is that of St Jean-de-Luz, _ 
cut into the steeply dipping rocks of the Pyrenean foot-hills. South 
of this bay the cliffs present a smooth face because the strata are 
dipping so steeply that wave erosion at the foot causes masses to fall 


II-2 


164 COASTS 


along the bedding planes (Plate 64). The foreshore here is saw-like 
in cross-section, with the more resistant beds standing up like teeth. 
Hendaye stands on a bay which has no cliffs at its head, and a great 
expanse of smooth sand backed by low ground has made it a seaside 
resort as well as a frontier railway centre. 

Communications. Between Bayonne and Hendaye the main elec- 
trified railway line runs close to, but seldom within sight of, the coast 
and is roughly parallel to a disused narrow-gauge line. 

The only road in the neighbourhood of the coast is the trunk route 
from Bayonne to the Spanish frontier. 


THE Coast OF LANGUEDOC: PHYSICAL GEOGRAPHY 


On the Spanish frontier where the Mediterranean coast of France 
begins, the Pyrenees meet the sea abruptly. The Pyrenean folds have 
been cut at right angles by recent faults and subsidences and the land 
surface plunges deep into the sea. The result is a young ria coastline; 
deep valleys have been carved out by short torrential streams whose 
estuaries form little anchorages protected by promontories. The 
character of this Catalan coast of France can be summed up in 
the phrase ‘alternating cliff and cove’ (Plate 65). 

From Collioure to the Rhone delta there stretches a very different 
shoreline that resembles in many ways that of the Bay of Biscay. 
A belt of dunes has cut off a series of lagoons (or étangs) which 
here, however, usually have maintained their outlets to the sea. ‘They 
are quite shallow, averaging from about 10 m. in depth and varying 
from 2 to 20 m. (Plate 66). The Etang de Thau is certainly the most 
important, at Méze, being 21 km. long and 2 km. wide; its depth 
reaches 12-15 m. 

This long straight coast has replaced a complicated series of bays 
and islands whose outline still appears in the great winding étangs and 
in rocky prominences such as the Clape Massif that rise above the 
surrounding plain (Fig. 98). This gain of the land at the expense of 
the sea is the work of long-shore currents resulting in the same 
sequence of processes as in Gascony (see Fig. 95). The material for 
building offshore bars has been provided by deposits of the Rhone 
and of the impetuous streams of Languedoc, while the process of 
building up has been facilitated by the very gently shelving nature of 
the coast. The roo fathom line is only reached 100 km. out to sea 
from Séte. On stormy days in the Golfe du Lion, the sea water is 
tinged yellow by the material churned up from the shallow sea bed. 
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Another factor, too, may have been of importance in facilitating 
this alluvial development. ‘The coast of Languedoc appears recently 
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Fig. 98. The lagoons (étangs) of the Mediterranean coast of France 


The former inlets now appear as alluvial areas separated from the sea by sand dunes 
The étangs are connected to the sea by ‘ graus’ (see p. 166). 


to have risen 5 m. after being stationary for a long time. This stability 
is revealed by perforations of boring molluscs at a height of 5 m. 
above sea level; they are very noticeable, for example, near Séte. 
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The Spanish frontier to Collioure (Fig. 114) 


The sea has cut across the grain of the Pyrenees to form alternating 
bays and capes. Small estuaries of torrential streams provide little 
anchorages protected by promontories, whose slate cliffs plunge 
abruptly into deep water. The largest of these indentations is that of 
Banyuls, and the most prominent headland is Cap Béar. Three kilo- 
metres to the west is the deep inlet on which Port Vendres stands. 
Cliffs continue northward to beyond Collioure. 

Communications. A double-track main railway line to Barcelona 
runs closely parallel to the coast and the trunk road. 

This trunk road also follows the coast. The only secondary road to 
the interior runs from Banyuls to Les Abeilles. 


Collioure to the Rhéne Delta (Figs. 114, 115) 


The Languedoc coast, flat and monotonous as the plain it bounds, 
is an almost smooth arc stretching 200 km. from Collioure to the 
Rhone delta. 'This curve is divided by the basaltic Cap d’Agde into 
two secondary arcs almost equal in size—the gulfs of Narbonne and 
of Aigues-Mortes. Both arcs are bordered by a line of dunes, but 
these do not attain either the width or the height of those along the 
Gascon coast. Conspicuous features along this low coast are the 
limestone Cap Leucate, the Rochers de St Pierre along the edge 
of the calcareous Clape massif, the basaltic Cap d’Agde and the 
limestone Cap de Séte. The coast is bordered by étangs, some of 
which are connected with the sea by ‘graus’ (from the Latin gradus— 
a passage), and occasionally these graus have been canalized to improve 
navigation. The main graus are those of St Auge, Vieille-Nouvelle, 
Sete, Lez, and of Aigues-Mortes (Fig. 98). 

Communications. A double-track main railway line runs from Col- 
lioure to Montpellier; immediately north of Cap Leucate and near 
Séte it comes within sight of the sea. Between Narbonne and Séte 
this line is electrified. Single-track standard-gauge lines run inland 
from Le Barcarés and Palavas. A narrow-gauge railway follows the 
lower course of the Tet from Canet Plage to Perpignan. In the hinter- 
land between Narbonne and Montpellier there is a considerable net- 
work of single-track branches. 

There is a dense network of roads in Roussillon, and in the depart- 
ments of Hérault and Gard, but this network thins out close to the 
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shore. A number of secondary roads approach the sea between the 
lagoons. 

Near Agde the Midi Canal runs near the coast, and into the 
Etang de Thau; this is continued eastwards by the Rhéne Canal 
which links the coastal lagoons. 


THE RHONE DELTA 


The Rhone above Arles, near to the point where it separates into two 
arms, is 150 m. broad and is up to 14 m. deep. The flow per second 
of the Grand Rhéne varies between 500 cu.m. at low water to 
7,800 cu. m. during big floods. Each year about 39,000 million cu. m. 
of water reaches the sea, and the amount of silt carried by this is 
18 million cu. m., i.e. 1/2166th of the total volume. The mean annual 
advance of the delta averages 42:50 m. a year. Within historical times 
the building up has been mainly towards the south-east. The former 
port of Aigues-Mortes (Plate 48), on whose southern wall ancient 
mooring rings can still be seen, is now replaced by the little fishing 
harbour of Le Grau-du-Roi. 

In the middle of the nineteenth century, before any improvement 
works were undertaken, the river reached the sea through six channels. 
The depth of the Grand Rhone over the bar at its mouth varied from 
1:40 to 2:90 m. ‘To improve this state of affairs, all the water was 
concentrated in this main channel, and training walls were built to 
confine the stream in the hope that the bar would disappear. The 
work was unsuccessful, because of the fine sand which merely rolled 
on to form a new bar where the speed of the current slackened beyond 
the training walls. 

The coast (Fig. 115) for 85 km. from Aigues-Mortes to Port-de- 
Bouc is low and marshy with many intervening lagoons, of which 
_ the largest is Etang de Vaccarés. 

Communications. ‘The Rhone delta itself is avoided by main-line 
railways. Single-track standard-gauge railways run inland from Le 
Grau-du-Roi, Les Saintes Maries, Salins-de-Giraud, and Port St 
Louis-du-Rhone. 

There is a sparse road network with trunk routes running inland 
from Le Grau-du-Roi, Ste Maries-de-la-Mer, Port St Louis-du- 
Rhéne and Port-de-Bouc. South of the Etang de Vaccarés is the only 
portion of the delta with secondary roads approaching the sea. 

Canals run inland fromLe Grau-du-Roi, from Port St Louis, andfrom 
Port-de-Bouc; the last connects with the head of the delta at Arles. 
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Tur Coast OF PROVENCE: PHYSICAL GEOGRAPHY 


To the east of the Rhéne delta stretches the rocky mountainous coast 
of Provence. The mountains are composed of two structural elements 
—alpine folds that surround the older mountain blocks of Maures and 
Esterel (Fig. 2). These blocks are part of a large unit which may have 
extended to include parts of Corsica and Sardinia but which has since 
foundered to form the Ligurian Sea. The recent geological his ory of 
the coast, too, is not uniform along all its length. The indenzations- 
of the coast as far as Cap d’Antibes suggest a recent submergence 
which let the sea into already existing river valleys. Consequently 
along this stretch there are no traces of raised beaches such as those 
in the west and to the east beyond Cap d’Antibes. 
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Fig. 99. The sand spits of Giens, east of ‘Toulon 


The spits (dotted) have joined the outlying island of Giens to the mainland. The 
mainland itself is composed partly of solid rock and partly of alluvium. Some 
marsh still remains. The sand exposed at low water is shown by finer dots. Compare 
with Fig. 92. 


Immediately east of the Rhéne delta and of the Etang de Berre, the 
mountain chains of the Petites Alpes reach the sea to end in pointed 
capes called becs. These promontories, such as the Bec Sormiou and 
the Cap Morgiou, are separated by deep and narrow creeks called 
calanques which wind into the interior in a manner that recalls the 
drowned valleys of Brittany. Farther east still, where the old 
blocks of Maures and Esterel abut upon the coast, there is similar 
evidence of submergence, but the narrow calanques are replaced by 





Plate 64. Biscayan coast near St Jean-de-Luz 


Weather-beaten coast of horizontally bedded or gently folded Cretaceous rocks. The 
age of these rocks is the same as that of the Normandy chalk (cf. Plate 54), but 
their texture and the form of the cliffs is obviously different. 





Plate 65. Mediterranean coast at Banyuls 


Banyuls occupies the head of a small bay about 5 km. north of the Spanish frontier. 
In the background are the slaty foothills of the Pyrenees. 





Plate 66. A view in the Rhéne delta 


(See also Plate 48.) In the foreground one of the distributaries netted for fishing; 
in the background one of the numerous étangs. 








Plate 67. Riviera coast at Eze 


Eze lies about half-way between Nice and Monaco in the Alpes-Maritimes. In the 
distance is the peninsula of Cap Ferrat. In the foreground is the Grande Corniche 
road, at an altitude of about 500 m. above the sea. 
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wider bays formed in less resistant slates and separated by igneous 
promontories—the capes of Lardier, of Camarat, of Roux and so on. 
The outlying Iles d’Hyéres bear witness to the foundering of the 
coast. Some of these have been joined to the mainland by alluvial 
material, like the spit of Cépet and the double spit of Giens (Fig. 99): 
the former protects the harbour of ‘Toulon (Fig. 100). 

East of the Cap d’ Antibes on to the Italian frontier, the old blocks 
are replaced by Alpine folds, and here recent movements of the shore- 
line have been very complex. Caves at Grimaldi, to the east of 
Menton, record a considerable invasion by the sea, then an uplift of 
23 m., then a descent of 8 m. and finally a recent elevation of 7-8 m. 
The net result of this oscillation is that the general character of the 
coast is dominated by features of submergence—where the Alpine 
folds pass beneath the sea. Calcareous rocks form high white penin- 
sulas while the valleys of the region terminate in deep bays as at Boe 
Villefranche and Menton. 


‘THE COAST OF PROVENCE: TOPOGRAPHICAL SUMMARY 


Rhéne Delta to Bandol (Figs. 115, 116) 


Along the Golfe de Fos there is an abrupt change from the alluvial 
deposits of the Rhéne delta to the pointed capes of the Petites Alpes. 
Between the precipitous edge of Estaque and Cap Croisette is the 
great bay on which Marseilles stands. From Cap Croisette to 
Bandol is an irregular coastline, with steep cliffs. The irregularities 
are due mainly to alternating becs and calanques. An exception is the 
large Baie de la Ciotat where the sea has eroded into less resistant rocks. 

Communications. Between the Chaine de l’Estaque and Marseilles, 
a double-track railway line runs close to the shore. 

The road network is not dense except in the valley to the east of 
Marseilles. Main roads avoid the coast save at Cassis and east of 
La Ciotat. 

A canal running parallel to the coast as far as Estaque and thence 
inland by the Rove tunnel joins Marseilles to Martigues south of the 
Etang de Berre. 


Bandol to Antibes (Figs. 116, 117) 


The Maures and Esterel mountains consist mainly of granitic and 
metamorphosed rocks, whereas the mountains to the east and west 
are calcareous. The coast is more bold, but less indented than that to 
the east. Here are found igneous promontories, such as the capes of 
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Lardier, Camarat and Roux, which continue southwards as the Iles 
d’Hyéres. Between some of these headlands are large bays formed in 
less resistant slates—the gulfs of St Tropez (Fig. 69)fand La Napoule. 
Alluvial material has helped to smooth the coast by filling up these 
inlets. Cannes is situated on one of these. This alluvium, too, has 
occasionally joined an island to the mainland—at Giens and at Cépet 
(Fig. 100). Some of the minor irregularities of the coast are illustrated 
on Fig. 101. 

Communications. Parallel to the coast runs the double-track main 
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Fig. ror. The Mediterranean coast at Le Trayas, near Cannes 
The trees are maritime pines (Pinus pinaster) and evergreen oaks (Quercus ilex). 


railway line except between Toulon and St Raphael. In this section 
the double track runs inland of the Maures, and the coastal railway 
is but single line. 


The road network is fairly sparse and many of the roads have 
difficult bends. 


i 


Antibes to the Italian Frontier (Fig. 117) 


Eastwards from Antibes the sea cuts transversely across Alpine 
folds. Calcareous chains form high white promontories separating 
the valleys that terminate in deep bays such as the roadsteads of Nice, 
Villefranche and Menton. These are bordered either by vertical cliffs 
or by abrupt slopes, both rising between 200 and 300 m. above the 
sea. Between Antibes and Nice the valley of the Var reaches the sea. 
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The shore that borders its lowlying plain is smooth in outline. To 
the east of Nice, the mountains come close to the sea (Fig. 102). Here, 
the rocky promontories of Cap Ferrat (Plate 67), Cap d’Ail, Rocher 
de Monaco and Cap Martin are separated by bays as at Villefranche. 

Communications. 'The coast is paralleled by the main double-track 
railway line and by the trunk roads. Single-track railways run inland 
by way of valleys from Nice, Villefranche and Menton. 

The road pattern resembles that of the railways, i.e. the trunk road 
parallel to the coast with branches inland as is the case of the railway 
lines. 


& 


BIBLIOGRAPHICAL NOTE 


1. The main sources dealing with physical geography are as for Chapter 1. 
A general summary is provided by the account of ‘La Formation de nos Cétes’ in 
L. de Launay’s Géologie de la France (Paris, 1921). Many good examples from 
France are given in the two coastal chapters of E. de Martonne’s Traité de Géo- 
graphie Physique, vol. 11 (Paris, 1926). A detailed account of the features of the 
north coast is provided by A. Briquet’s Le Littoral du Nord de la France (Paris, 
1930). An older work is A. Burat’s Voyages sur la céte de France (Paris, 1880); 
although out of date, this contains some interesting descriptive material. 


2. Three Admiralty Pilots provide detailed descriptions from the navigational 
point of view—the Channel Pilot, vol. 11 (1938); the Bay of Biscay Pilot (1930); 
and the Mediterranean Pilot, vol. 11 (1937). . 


3. An important source is the Atlas de France, plates 24 and 25 (1935). These 
form the basis of Figs. 104 to 117. The information on these plates has been 
modified from large-scale maps, charts and air photographs. 


4. Relevant material will also be found in volume Iv of this Handbook—in the 
chapters on roads, railways, waterways and ports. 
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CoasTAL MAps 


The main source for this series is the Atlas de France, plates 24 
and 25 (Paris, 1935), but this information has been modified from 


large-scale maps, charts and air photographs. 


100 Miles 


200 Kms. 





Fig. 103. Key for sequence of maps showing coastal features (Figs. 104-117) 
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Fig. 104. Coastal features: the Straits of Dover 


Based on the Atlas de France, plate 24 (1935). Land over 100 m. above sea level 
is shaded; land below sea level is diagonally ruled. For legend, see Fig. 105. 
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Fig. 112. Coastal features: the Gironde estuary 
Based on the Atlas de France, plate 25 (1935). Land over 100m. is shaded. For 


legend see Fig. 111. 
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Fig. 113. Coastal features: the Landes 
Based on the Atlas de France, plate 25 (1935). For legend see Fig. 111. 
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Fig. 114. Coastal features: Languedoc 
Based on the Aélas de France, plate 24 (1935). See Fig. 68. 
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Fig. 116. Coastal features: the Iles d’Hyéres 


Based on the Atlas de France, plate 24 (1935). For legend see Fig. 111. See also 
Fig. 69. 
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Fig. 117. Coastal features: the Riviera 
Based on the Atlas de France, plate 24 (1935). For legend see Fig. 111. 
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CLIMATE 


Introduction: Pressure and Winds: ‘Temperature: Visibility : Cloudiness: Pre- 
cipitation: Snowfall: Types of Weather: Note on Snow-cover: Bibliographical 
Note: Climatic Tables 


INTRODUCTION 


Three factors introduce considerable complexity into the climates 
of France: | 

(1) Its great variety of relief, ranging from low plains to high 
mountains and from enclosed depressions like the Rhine valley to 
exposed plateaux like the Massif Central. 

(2) Its position in a transitional belt of the planetary wind system. 
The north of France lies in the line of flow of the westerly winds 
characterized by the variability that is associated with the passage of 
disturbances; while the south, in summer at least, comes under the 
influence of the mid-latitude high-pressure belt characterized either 
by calms or by northerly winds, both with fine weather. 

(3) Its transitional position between ocean and continent. 

The climatic regions are defined by certain general characteristics 
of temperature and rainfall which will be defined more precisely later. 
With these controls in mind it is possible to recognize four main 
climatic types, but it is not possible to lay down clear lines of 
demarcation between the climatic provinces because the transition 
from one to the other is gradual. Broadly speaking they are: 

(1) The western oceanic type, characterized by a small diurnal 
and annual range of temperature, and by rain all the year with a 
maximum in the winter half-year. 

(2) Modified continental, with a much greater range of tem- 
perature, and with a lower rainfall with a summer maximum. 

The transition from oceanic to continental is made less apparent 
by the gradual increase of altitude eastwards, which has the effect of 
producing heavier rainfall, more winter and less summer rain, and 
a decreased temperature range associated with cooler summers, all 
of which are features characteristic of marine as well as of high- 
altitude climates. 

(3) Mediterranean, with mild wet winters and hot dry summers. 
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(4) Mountain climates, characterized by low temperatures, by 
winter precipitation in the form of snow, by strong insolation, and 
by great contrasts due to variety of aspect. 


PRESSURE AND WINDS 


‘The dominating influence in the winter climate of France is the ridge 
of high pressure, a westward extension of the intense winter ‘high’ of 
Asia, that extends down the centre of the European continent from 
the Urals to the Meseta of Spain. Westwards it is continuous with 
the permanent high pressure over the Azores, and throughout all this 
distance the January mean pressure exceeds 1019 mb. Its existence is 
primarily due to the great cold of continental winter air, and it forms 
a barrier between the low-pressure centres of the North Atlantic 
and the Mediterranean Sea where milder and moister conditions 
prevail. The relatively low pressure over the Mediterranean may be 
regarded as a product of local mild and maritime conditions inter- 
rupting what would otherwise be a continuous high-pressure belt 
extending from the Tropic of Cancer to the shores of the North 
European plain. The North Atlantic and Mediterranean ‘lows’, 
which appear on the mean pressure map, reflect the frequent passage 
of depressions along these two routes and serve to emphasize the 
significance of the continental high-pressure ridge as a climatic divide. 
It does not, however, provide a complete and impenetrable barrier 
against the assault of depressions and is frequently breached, 
especially at its weakest point between the Bay of Biscay and the 
Golfe du Lion. 

The prevailing winds, resulting from this distribution of pressure, 
are thus south-westerly in northern France and north-westerly in 
southern France (Figs. 118 and 119). Frequently, during the winter 
and spring’ months, the continental anticyclone strengthens and 
extends its influence over northern France and parts of the British 
Isles bringing spells of intensely cold, dry weather and bitter east 
winds with temperatures near or below freezing-point; these spells 
may be of considerable duration. 

In summer, the Azores ‘high’ persists but migrates some 10° to 
the north of its winter position, while the continent becomes a region 
of relatively low pressure. The prevailing winds are consequently 
westerly or north-westerly over most of France. Cyclonic storms are 
infrequent and pass almost entirely to the north, introducing during 
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their passage a southerly component into the wind direction over 
northern France. 

These are general principles underlying the main atmospheric 
circulation, but the wind at any place and any time is subject to 
considerable departure from the normal and even to complete 
reversal. These departures are due to: | 

(1) Diurnal periodic changes—land and sea breezes, etc. 

(2) Local effects of relief and local climatology. 'The influence of 
relief is clearly shown by the wind-roses at Lyons and Clermont- 
Ferrand. 

(3) Non-periodic changes that result from day-to-day changes in 
the pressure distribution, and especially from the passage of 
depressions. 

The average conditions are summarized in four seasonal wind-rose 
maps (Figs. 120-123). 


Gales 


Examination of the wind-roses shows that, over the north of 
France, gales are most frequent in winter, and that they come from 
a westerly or south-westerly direction. They are nearly always 
associated with depressions, and warning of their approach is given 
by a rapidly falling barometer. In north-east France and in the 
eastern district of the Channel, gales from a north-east direction 
sometimes occur in spring. Along the Biscayan coast, gales are 
experienced most frequently with north-westerly winds, but the west 
and south-west are also stormy quarters. Secondary depressions often 
develop on the southern edge of depressions passing over the British 
Isles or even farther north; the Channel is a favourite track for them. 
On their southern edge, winds and rain are of great violence and the 
sea quickly becomes dangerously rough. 

Along the Mediterranean coast, too, winter is the stormy season 
and summer gales are rare. Spring, too, has high winds and gales 
three or four times as often as autumn and six or seven times as often 
as summer. ‘I'he Golfe du Lion is notorious for bad weather and sudden 
changes; strong north-westerly winds of a mistral type frequently 
blow for a week, and may persist for even a month in winter; gale 
force is exceeded one day in fourteen. The south-east winds that 
prevail farther east are less likely to be strong; although they exceed 
force 5 on one day in thirty or forty, they reach gale force only on 
one day in 100, i.e. about once in two winters. | 
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Land and Sea Breezes 


Calm and sunny weather presents the best conditions for the 
development of land and sea breezes, and a distinct reversal of wind 
direction is noticeable under these conditions. The land breeze is 
noticeable from o100 to o800 hr. and the sea breeze from 1300 
to 1900 hr., the intervals between being transitional. ‘The strength 
of the breeze so produced is very variable but may well be of the 
order of 7-10 knots and is often as high as 15 knots. 

Some idea of the relative importance of this mechanism in deter- 
mining the wind direction on cloudless days can be obtained from 
Fig. 124, which shows the average strength of this component at two- 
hourly intervals on days with cloudiness of 4 or less during the 
summer of 1918 at Rochefort and Bayonne (30-40 days at each 
station). The following table gives the wind speed in metres per 
second at these two stations; there is clearly marked maximum of 
wind during the late afternoon when the sea breeze is fully developed 
and reinforcing the prevailing westerly or north-westerly wind. 


o600 | 0700 | 0800 


—_ | | 


| Hours of day | o100 | 0200 | 0300 | 0400 | 0500 





Rochefort I°7 16 1*4 1°3 £5 Sto I°9 2°I 
Bayonne 1°3 o'9 o°9 o'9 | axe) | . 


Hours of day | ogoo | 1000 | 1100 | 1200 | 1300 | 1400 | 1500 | 1600 





Rochefort 2°79 32 ac8 a3 3°6 4°1 4°1 4°2 
Bayonne 2°3 2°8 3°6 4°3 5°0 5°3 5°5 5°7 
Hours of day | 1700 | 1800 | 1900 | 2000 | 2100 | 2200 | 2300 | 2400 
Rochefort 4°5 4°3 3°9 3°95 2°8 2a ao at 


Bayonne 





Fig. 125 shows similar data to Fig. 124 for three-hourly intervals at 
St Nazaire and Nantes. Here, the effect is much weaker, St Nazaire, 
some way up the estuary, is less favourably placed for their formation, 
while Nantes is some 35 miles inland. At the latter station, the land 
and sea component, though still clearly recognizable, is small in 
comparison with the prevailing north-west wind. 

The sea breeze is generally stronger and more regular than the land 
breeze, except in localities where the land slopes steeply to the sea; 
here the opposite may be the case. The effect of land and sea breezes 
is seldom felt more than 20 miles from the coast, their circulation 
is shallow and weakens above 500 m., and is scarcely perceptible at 
1ooo m. On the Biscayan coast the effect of the sea breeze is to 
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strengthen the prevailing westerly or north-westerly wind, especially 
in summer, while the land breeze weakens the prevailing wind by 
night, especially in winter. On the Channel and the Mediterranean 


Land breeze : 
(night) 4 
8 


Land breeze 


(night) 
2 ees 





Fig. 124. Land and sea breezes at Bayonne and Rochefort 
Based on J. Rouch (see p. 222). 


- coasts, where the prevailing wind is alongshore, the effect is to divert 
the prevailing wind through perhaps as much as go°. On cloudy or 
windy days the effect is much less and may not be noticeable. 
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Local Winds 


The mistral may be experienced anywhere in the Mediterranean 
region of France, but it is especially characteristic of the Rhone 
valley and the coast from Marseilles to Perpignan. It 1s a northerly 
or north-westerly wind, remarkable for its strength, its cold, its 
dryness, and its power of raising heavy seas in a very short time. 
It occurs most commonly when low pressure in the Gulf of Genoa 
causes a flow of cold air from the interior southwards across France, 
but it often blows with a power that is out of all proportion to the 





Fig. 125. Land and sea breezes at Nantes and St Nazaire 
Based on J. Rouch (see p. 222). 


pressure gradients shown on the synoptic chart. Its arrival shows 
all the symptoms of a major cold front, and it is announced by 
squalls, thunder and heavy rain; lulls and renewed squalls seem to 
indicate the passage of minor cold fronts. When the mistral is well 
established there is little rain; in fact dryness is one of its salient 
characters and the dryness enhances the sensation of bitter cold. 
It results partly from local causes, the flow of cold air from the 
Cévennes concentrates in the corridor of the Rhone valley, and when 
this is the cause it does not often travel far beyond the coast; but 
when regional effects are added to this local effect, it may be felt as — 


PRESSURE AND WINDS 197 


far as the African coast. Gale force is often surpassed and squally 
gusts of 70 knots may occur. The areas affected by the local and 
general mistral are shown on Fig. 126. 








Local Mistral 
General Mistral 
Over 500m. 





= 500 Kms. 








Montpellier 


Hy . ‘\ aS 


Zi Marseille 













Fig. 126. The Mistral 
_ Based on Weather in the Mediterranean, vol. 11, part 3, p. 22 (1936), issued by 
H.M.S.O. ca as 
The following table shows the number of days per month of strong 
mistral (force 6 and over) at one or more of the following stations in 
the 4 years 1924~7: Perpignan, Sete, Montpellier, Nimes, Monté- 
limar, Marignane. 





Jan. | Feb. | Mar.| Apr. Aug. |Sept.|} Oct. | Nov. | Dec. 
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It is thus most frequent in winter and spring, and least frequent in 
autumn, but it may occur in any month of the year. It blows more 
strongly by day than by night, and there is no evidence of land 
breeze or katabatic effect intensifying the mistral by night as one 
might expect. Its force may, however, be slightly checked near the 
coast by sea breezes during the afternoon in summer. 

The marin is a strong south-easterly wind experienced in the Golfe 
du Lion and as far inland as the foot of the Cévennes and Pyrenees 
and into the gap of Carcassone; it is also felt in the Garonne Basin, 
often violently, and it is here known as /’autan. It is associated with 
a low barometer, and is due to the passage of depressions which cause 
a vigorous inflow of warm, humid air from the south-east, causing 
much cloud, rain and thick weather. Usually it is a steady wind, 
but gusts occur. It is next in frequency and harmfulness to the 
mistral and it raises a very heavy sea; it is especially dangerous on 
the exposed coast between Séte and Aigues-Mortes. As it is caused 
by depressions, it is characteristic of the winter months; at Ile de 
Levant the south-east wind reaches gale force on one occasion in 
three on which it blows, but at Marseilles, which is more sheltered 
from this direction, gale force is reached only about once a year. 


State of the Sea 


There is naturally a close relationship between the frequency of 
rough sea and of high winds, but the relationship is not exact, because 
other factors are involved. Three considerations, in particular, may 
be mentioned: (1) An offshore wind is less effective in raising rough 
seas along the coast than an onshore wind. (2) Heavy swell may 
originate from a distant disturbance, and though it is generally a 
warning of coming gales, the high winds may not always arrive. 
(3) Wind blowing against the set of the tide will raise sea out of 
proportion to the strength of the wind. Thus west winds in the 
Channel raise high seas on the ebb, but east winds on the flood. 

The following table gives the number of days per season on which 
rough sea or swell occurs: 























Winter Summer | Autumn 
Gris Nez 35 27 Ie 20 27 
La Hague 44 27 16 35 
Ouessant 55 34 16 39 
Penmarc’h 55 25 12 25 
Chassiron 22 12 4 re 
Biarritz 28 12 a 13 
Cap Croisettes 34 25 13 21 
Nice 6 8 2 6 
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Thus rough seas may be expected on 110-120 days in the Channel, 
on 130-150 days on the exposed coasts of Brittany where, during 
the winter, it is rough on one day in two. From Ouessant southwards 
storminess decreases steadily until near the Spanish frontier there 
are only about 50 days a year with rough seas, and these occur 
mostly in midwinter. In the Mediterranean there is a strong contrast 
between the Golfe du Lion exposed to north-west winds and the 
more sheltered coast east of Cap Sicié. North-west winds of the 
mistral type bring most of the rough seas in the Golfe du Lion; east 
winds of the marin type are the chief cause of roughness east of 
Cap Sicié. 


Winds of the Upper Air 


A considerable mass of information exists about winds of the 
upper air at a number of stations, but the data are of doubtful value 
since they are based mostly on observed ascents of pilot balloons 
whose path can be followed only as far as cloud base. The figures 
of velocities at different levels are therefore incomplete and un- 
representative and may be misleading. The upper winds are therefore 
best described only in general terms. 

Upper winds tend to be more constant in direction than surface 
winds, being less influenced by the form of the ground. Thus at 
Strasbourg the prevailing surface winds are either south or north, 
i.e. up or down the Rhine valley, but at 2,000 m. the prevailing 
direction is west or south-west. Similarly, the surface winds at Lyons 
and Clermont-Ferrand (Figs. 120-123) are profoundly influenced by 
local topography. 

In general, winds veer with increasing altitude until at about 500 m. 
they are blowing parallel to the isobars; thus at Cherbourg and 
_ St Inglevert the commonest surface wind is south-west, but at 2,000m. 
the most frequent direction is westerly. 

Over the sea the average veer is about 10° at 500 m., but over the 
land it is usually more. The strength of the wind normally increases 
rapidly with increasing altitude, the surface wind over the sea being 
about 0:8 of the wind at 500 m. Over the land the increase is greater 
still, the surface wind being about 0-6 of that at 500m. Westerly 
winds obey this rule almost universally, but winds from an easterly 
direction, although increasing in force at first, may actually diminish 
at greater heights, and are eventually replaced by a westerly wind. 
In winter there is a tendency for upper winds over France to take 


200 CLIMATE 


on a more northerly direction due to the temperature gradient 
between the cold continent and the warm ocean. 


"TEMPERATURE 


Three main factors influence the temperature of a place—latitude, 
altitude and distance from the sea. Of these, altitude may be the 
most important locally, but in average figures its influence can be 
allowed for by assuming a decrease of temperature of approximately 
1° C. for each 200 m. of altitude; this effect will be considered later. 
There remain latitude and distance from the sea, and in France the 
latter is the more important during the winter months. ‘The January 
isotherms run sub-parallel to the coast, and the Breton coast has 
about the same temperature as the Mediterranean in January, while 
the lowest sea-level temperatures are to be found in the east, e.g. 
Strasbourg (0° C.) which is 7° C. colder than Brest although on about 
the same latitude (Fig. 127). In summer, latitude is the more important 
control, and the Mediterranean coast is some 5° C. warmer than the 
Channel coast, though the moderating effect of proximity to sea is 
still recognizable (Fig. 128). Mean July temperatures reach 22° C. in 
the south, and daily maxima may exceed 30° C., while in the north 
the July mean is about 17° C. and the maxima seldom exceed 25° C. 
The annual range of temperature is thus nearly twice as great in the 
east as in the west (Brest 10° C., Strasbourg 19° C.); diurnal range 
also increases steadily with distance from the sea. 

The effect of latitude can be seen from the fact that the seasons 
of plants and crops are a month to six weeks earlier in the south than 
in the north (Fig. 129). 

No place in France is immune from frost and snow, but the 
number of days with frost is less than 20 per year along the Breton 
and Mediterranean coasts (Fig. 130). It increases inland to 40 or 
50 days in the basin of the Garonne and to 70 days in the Seine and 
Loire basins; on the high ground of the Plateau de Langres it exceeds 
80 days and in the Central Massif and in the Alps it rises to over 100. 

The effect of altitude on temperature, as will be seen from Figs. 127 
and 128, becomes really significant in the high ground of the Central 
Massif, the Plateau de Langres, the Vosges, the Jura and, more 
obviously, in the Alps and Pyrenees. All of these regions have 
considerable areas where the mean temperature of winter months is 
below freezing, and where snow lies for considerable periods un- 
melted. Cold air from the neighbouring mountains affects the valleys 
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and neighbouring lowlands so that temperature inversions with 
abnormal cold are often experienced, especially in calm weather 
or when winds blow off the mountains, such as the mistral of the 
Rhone valley. 


VISIBILITY 


Little reliance can be placed on data concerning fog, partly because 
of its variability from year to year, partly because observations at 
fixed hours fail to record all fogs that occur, and partly because of 
the difficulty of determining the condition, which is distinguished 
from ‘poor visibility’ by ill-defined limits. The table on p. 231 must 
therefore be taken only as a very general guide. It attempts to record 
the number of occasions on which visibility was less than 4 a sea 
mile, or on land, what is nearly the same, less than 1 km. It shows 
that fog is more common inland than on the coast, that the foggiest 
coast is the eastern Channel, and that the Mediterranean is charac- 
terized by fairly good visibility. Generalization is difficult, but to 
understand the distribution of fog it is helpful to distinguish between 
land fog and sea fog. Land fog generally results from the lowering 
of air temperature below dew-point by radiation. It is therefore most 
frequent in winter months, and at night or in the early morning. 
The process is aided by temperature inversions during anticyclonic 
conditions, and these fogs are especially likely to occur in low-lying 
areas. Land fogs never occur when the wind exceeds six knots. 

Sea fog is generally caused by the drift of warm, moist air over a 
cool sea surface; it is therefore most frequent in early summer when 
the sea temperature lags behind that of the land, and also during the 
afternoon. Sea fog may be carried inland, e.g. by a sea breeze, and, 
if the coast is steep, the dynamic cooling due to ascent may assist the 
process, but such fogs do not often penetrate far inland by day. 
Land fogs may drift out to sea but are usually dispersed by the 
warmer conditions that prevail over the water in winter. Coastal 
regions are thus subject to fogs from both directions, and there is a 
tendency to sea fogs with onshore winds in summer and land fogs 
with offshore winds in winter. But fog occurs characteristically with 
calms or gentle breezes, for the turbulence of stronger winds tends 
to dissipate them. From the table showing the number of days with 
fog (p. 231), it appears that at Havre the most prevalent type of 
fog is land fog drifting out to sea, hence the winter maximum; while 


at Brest the sea fog drifting inland is more prevalent, hence the high 
frequency in May. 
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Atmospheric pollution is an important cause of haze and low 
visibility and it intensifies fog produced by other causes; visibility 
may thus be expected to deteriorate in, for example, the industrial 
areas of north-east France. In winter, this industrial pollution affects 
mainly the lower 600 m. of the atmosphere, but in summer it may 
rise to 1,500 or even 3,000 m. The haze travels with the wind at the 
height of occurrence and may impair visibility at more than 100 miles 
from the source of pollution. 


CLOUDINESS 


There is a marked difference in cloudiness between northern and 
southern France, but in all areas it is higher in winter than in 
summer (Fig. 131). At all seasons, the cloudiness is greatest on the 








Fig. 131. Average cloudiness 


Winter includes the months of December, January, February; summer those of 
June, July, August. The figures indicate tenths, and are based on observations 
taken at 0700 hr., 1300 hr. and 1800 hr. at the stations of the Office National 
Meétéorologique. Based on the Atlas de France, plate 16 (1938). 


Atlantic margin and the Channel coast, where the prevalence of 
winds off a-warm sea and the frequent passage of depressions often 
causes the sky to be completely covered with continuous cloud layers. 
Cloudiness is least along the Mediterranean littoral, which enjoys a 
deserved reputation for clear skies and sunny weather, even during 
winter. Perpignan enjoys 2200 hr. of sunshine (49 % of the possible) 
compared with 1743 hr. at Paris (37%). 

Winter cloud is more likely to form a continuous cover of the 
stratus type, while summer clouds tend to be broken and of the 
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cumulus type, especially away from the coast. The mean frequency 
of different heights of the base of low cloud is given on pp. 226-8 for 
three stations in the north of France where low cloud is more likely 
to be experienced. At all three stations the cloud base is lowest in 
the morning, and tends to rise as the day warms up. It is also 
noticeable that spring and early autumn are freer from low cloud 
than winter or midsummer. 


PRECIPITATION 


Most of France lies in the path of the south-westerlies and derives 
its rainfall from these winds and from the depressions that accompany 
this circulation. The Mediterranean region, however, lies south of 
these winds in summer and comes under the influence of the high- 
pressure belt of light winds and drought. ‘This causes the summer in 
these regions to be dry though not entirely rainless; only a narrow 
coastal strip from Perpignan to the Riviera coast has less than 25 mm. 
in July. Over the remainder of France rain is fairly evenly distributed 
throughout the year, and the wettest month rarely has as much as 
twice the rainfall of the driest. 

The amount of annual precipitation (Fig. 132) is very closely 
related to the height of the land and to the way in which the highland 
masses obstruct the eastward flow of air. ‘The lowlands in general 
have less than 1,000 mm.; the Seine, Loire and Garonne basins have 
less than 500 mm., while the summits of the Central Massif, the 
Cévennes, Juras, Alps and Pyrenees have more than 2,000 mm. The 
higher land in general lies in the east of the country, and this makes 
for an equalization of precipitation; this is unlike Britain, where the 
mountainous west gets a disproportionately heavy fall and shelters 
the eastern lowlands from the rain-bearing winds. 

The wettest season in the west is in autumn and early winter, but 
towards the east the summer rain (convectional) increases and the 
winter rain (orographic) diminishes, until the summer months are 
decidedly the wettest. But in the higher land farther east still, 
orographic rain again becomes important, and autumn and winter 
are again the wettest seasons. 

In the more continental parts of the heart of France, where the 
winter anticyclone prevails, winter is the dry season, but in the south 
and west the dry season is summer, when the influence of the Azores 
‘high’ is felt. Along the Channel coast, and for some distance inland, 
spring is the driest season, partly because the temperature difference 
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between the land and the offshore winds is diminishing, and partly 
because of the prevalence of easterly winds from the continental high 
pressure at this season. 
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Fig. 132. Annual precipitation 
Based on the Atlas de France, plate 14 (Paris, 1934). 


Four types of rainfall regime can be recognized in France, and 
their distribution is broadly shown in Fig. 133. ‘The regions are 
characterized respectively by: (1) Marked summer minimum, spring 
and autumn maximum. This is essentially the ‘Mediterranean’ type, - 
though it extends beyond the limits of the true Mediterranean climate. 
(2) Summer minimum, autumn maximum; (3) Spring minimum, ~ 
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Table VI on p. 231 gives the number of days per month on which 
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an appreciable amount of rain falls, and the seasonal frequency 1s 
plotted on Fig. 134. It will be seen that summer is practically 
everywhere a season of few wet days; only in the east does the 





Fig. 134. Rain days 
Based on data from E. Alt (see p. 221). The figures denote the percentage of the 
total number of rain days occurring during each season; Alt (p. 90) defines rain day 
as ‘one on which a measurable amount of rain falls’. In France itself the measure 
adopted is o-r mm.; spring (March—May), summer (June—Aug.), autumn (Sept.-— 
Nov.), winter (Dec.—Feb.). 


percentage exceed the average for three months (i.e. 25 %). Reference 
to ‘Table VII, showing the intensity of rain, makes it clear that the 
summer rain, when it falls, does so in heavy showers. Autumn is, in 
general, the season of most frequent rain, except in the south and 
east where spring takes its place, while along the Bay of Biscay coast . 
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winter has the largest number of rain days. Table VII shows that the 
intensity of rain increases steadily from north to south and reaches 
its highest intensity in the neighbourhood of high land at Annecy, 
Puy de Déme, Nice and Draguignan. 


Effectiveness of Rainfall 


Rainfall is not of equal effectiveness, inch for inch, everywhere and 
at all times. The following points must be borne in mind: 

(1) Summer (convectional) rain is generally heavy and often 
torrential, but its showers are generally short-lived. Strasbourg has 
34 mm. in January and 85 mm. in July, but the number of days on 
which rain falls is nearly the same in each month. This rain may 
cause sudden floods, but the ground is generally dry enough to 
absorb most of the rain quickly and, as the air is warm, evaporation 
is rapid. Such rain does not, therefore, cause serious waterlogging 
of the ground. 

(2) Winter rain is generally lighter in intensity and often takes the 
form of drizzle. Continuous spells of rain may be of long duration. 
Evaporation is very slight and most of the water soaks into the 
ground, frequently causing serious waterlogging. 

(3) Frost makes the ground impenetrable to rain. Heavy rain 
following frost is therefore apt to cause serious flooding. This is a 
frequent cause of flooding in the tributaries of the Seine. 

(4) Alternate freezing and thawing brings the water to the surface 
and reduces the ground, during thaw, to a muddy condition out of 
_ proportion to the amount of rain that has recently fallen. 

(5) Excess of wet is aggravated by heavy soil conditions; and clays, 
for example, which are generally low-lying, may be boggy and water- 
logged when a dry soil will be quite suitable for operations and 
transport. 


- Thunderstorms 


Winter thunderstorms are associated with the passage of cold front 
and are few in number and very brief in duration. They are ex- 
perienced along the coast in Brittany and the Channel Islands and 
along the Mediterranean, but they seldom exceed two or three per 
year. Some summer thunderstorms are associated with minor fronts 
and occur with southerly winds; cumulo-nimbus clouds form over 
central and southern France and drift northwards, sometimes 
crossing the Channel to the British Isles. Heat thunderstorms begin 
to occur about May and increase in number to midsummer, after 
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which they diminish in frequency and cease to be important after 
September. Near the south coast, thunderstorms occur mainly in 
late summer and autumn. They are most numerous in the interior 
of the country (Paris 28 days per year) and in the Central Massif 
(Puy de Dome 25 days per year) and in the Rhone valley (Lyons 
37 days per year). The mountain areas also have numerous thunder- 
storms (Pic du Midi 29 days per year, Bagnéres de Bigorre 33 days). 

Both winter and summer thunderstorms are often accompanied 
by hail which also occurs under similar conditions of extreme atmo- 
spheric instability that may not, however, result in actual thunder. 
Jersey has 16 days with hail, mostly in winter; Paris has 9, mostly 
in spring and early summer. 


SNOWFALL 


An indication of the frequency of occurrence of ‘days with snow’ is 
given by Fig. 135. Snow has been known to fall (and indeed to lie) 
throughout France, but on the western and southern coasts, and 
over the adjacent lowlands, it falls on an average of less than 3 days 
a year, a figure rather below that for Cornwall. Along the Channel 
coast of France the frequency of snow is much the same as on the 
opposite shores, increasing eastward to about 10 days in the Pas-de- 
Calais. The intermediate lowlands of the-Seine and Loire basins have 
from 10 to 15 days. Paris has 15, that is, nearly the same as London. 
Eastern France and the lower parts of the Central Massif have 
generally over 20 days with snow (Clermont-Ferrand 24, Lyon 23, 
Nancy 20). 

At higher levels the number of days with snow increases rapidly, 
but not at the same rate in all parts of France. At 1,000 m. in the 
Vosges and Jura, and in the pre-Alps of Savoy, the prevailing 
frequency is about 50 days. Much the same figure applies to the 
Auvergne uplands and probably to the greater part of the Pyrenees. 
The inner and higher Alpine valleys of Savoy, Dauphiné and the 
Cottian Alps have at the same level decidedly fewer days with snow; 
about 30 is the prevailing figure at 1,000 m. This increases to 50-60 
at 2,000 m., compared with over 80 in Savoy. Farther south in 
Provence the frequency at these levels decreases further. 

In northern, central and eastern France the seasonal distribution 
of days with snow may be summed up as follows: out of every 
20 days with snow more than five occur in January, and nearly 
thirteen are divided between December, February and March. The © 
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remaining day represents the chance of snow in November and April. 

_ In the lowlands, snow in October is very unusual, and at most places 
it has not been observed in May. 

Above about 1,500 m., however, the number of days with snow in 

November-December and in March-April is often rather greater 

than in January-February, when the weather in the Alps, at least, is 
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Fig. 135. Number of days with snowfall 


Based on the Atlas de France, plate 14 (Paris, 1934). The coastal areas with under 
_ three days are indicated. 


commonly more settled. At this level snow occurs on several days 
in October and May. Above 2,000 m. it may fall in any month of 
the year. 

For an account of snow-cover, see p. 216. 


TYPES OF WEATHER 


The weather of France, and especially that of the Biscay and Channel 
coasts, is like that of Britain, extremely variable and profoundly 
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influenced by non-periodic psu changes, especially by the passage 
of depressions. 

From Figs. 136 and 137, showing the frequency of déntossinen 
centres, it is clear that they are most numerous over the sea and 
diminish rapidly towards the interior of the continent. The most fre- 
quented track lies to the north-west of the British Isles, but the tracks 
across the British Isles are only slightly less frequent; next comes 
the English Channel track; thirdly comes the Mediterranean with a 
strong preference for the northern Mediterranean and especially for 
the Gulf of Genoa. Depressions following all these main tracks, 
except perhaps the first, affect the weather of France. While there is 
considerable variation from year to year, the following generalizations 
may be said to apply to the seasonal frequency along each track: 


(1) Across the British Isles and to the north of them: 
Maximum—October to January. 
Minimum—April to June. 

(2) English Channel: 

Maximum—September to December. 
Minimum—February to June. 


(3) Bay of Biscay to northern Mediterranean: 
Maximum—March to May. 
Minimum—June to September. 


The frequency of depressions, however, does not mean that there 
are no long spells of settled weather; when they do occur they are 
generally associated with prevalent and well-established high pressures, 
either with the continental winter anticyclone or with the mid- 
latitude anticyclone in summer. But even the spells of changeable 
weather tend to follow certain fairly defined sequences, and it is 
legitimate to seek to identify ‘types of weather’ which, though 
changing, do so with some consistency of pattern. 


Fine Weather (Anticyclonic) Type (Fig. 138) 

A high-pressure system, really part of the Azores anticyclone, 
extends over the Mediterranean and over most of France. Depressions 
are diverted far to the north and undisturbed fine weather prevails 
over the whole country. This is the prevailing summer type, but it is 
often established in a modified form during the winter months. 


Easterly Anticyclonic Winter Type (Fig. 138) 
This type is characteristic of February and March, and brings . 
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prolonged cold spells to the whole of France with severe frosts in 
the north and east. The air is clear, there is generally little cloud 
and visibility is good. Pressure is high over north-east Europe and 
the Baltic Sea and relatively low over the Mediterranean. The result 
is a flow of bitterly cold dry polar continental air from the east over 
the whole of France. Temperatures are 4 or 5° C. below normal and 
little or no precipitation is to be expected. The passage of depressions 
to the west or south may, however, cause snowfall along the margins 
of the anticyclone. 


Easterly Anticyclonic Summer Type (Fig. 138) 


A very similar type of pressure distribution established in summer 
brings spells of great heat and drought, with clear skies and strong 
insolation by day. The system is established slowly, and temperatures 
steadily mount as the anticyclone weakens and the pressure gradient 
diminishes to give feebler breezes. This arrangement nearly always 
breaks down with a series of violent thunderstorms beginning in the 
south-west and spreading in the next day or two over the whole of 
the country. In its late stages the easterly surface winds are only 
shallow and are replaced at 2,000 m. by westerly or south-westerly 
winds. The oncoming of these westerly winds heralds the breakdown 
of the system. 


Easterly Cyclonic Type (Fig. 138) 

This is a common type in spring and autumn when pressure is 
high to the north-west of Europe and when a depression is passing 
along the Mediterranean. Strong easterly winds bring cloud and 
heavy rain to the whole Mediterranean area of France. Much fairer 
weather characterizes the remainder of the country. 


Northerly Type (Fig. 139) 


This type commonly occurs in late winter and early spring and 
often persists for many days. Pressure is high over the Atlantic, 
and the depressions pass southwards along its eastern edge from the 
North Sea to the Gulf of Genoa. The fringe of the anticyclone 
retreats a little towards the west as each depression passes, but 
expands eastwards again with each following ridge of high pressure. 
The result of this pressure distribution is to cause a continuous flow 
of cold northerly air over most of France which may reach con- 
siderable strength over the Channel and eastern France. This mass 
of air is of great depth, and the northerly wind persists up to heights 
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FINE WEATHER (Anticyclonic) TYPE EASTERLY(Anticyclonic) TYPE (Summer) 
e.g. February 28th 1912 e.g. May 8th 1919 





EASTERLY (Anticyclonic) TYPE (winter) EASTERLY CYCLONIC TYPE 
e.g. February 17 th — 24th 1930 eg. April 28% 1912 
. Fig. 138. Types of weather 


Based on J. Rouch (see p. 222) and the Atlas de France, plates 18 and 19 (1937). 


The main depression tracks are indicated; the smaller arrows show winds according 
to the Beaufort scale. 
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of 3,000 m., often exceeding gale force at this height. Meanwhile, 
the winds over the Atlantic coast, though still northerly, are light. 


North-Westerly (Mistral) Type (Fig. 139) 


A variant of the northerly type gives rise to strong north-west 
winds, reaching their maximum force in the mistral of the Rhéne 
valley. The main feature is a low-pressure trough over r the Gulf of 
Genoa and high-pressure over Spain. 


Westerly Type (Fig. 139) 


During the winter months and more rarely in the summer, families 
of depressions follow each other across the British Isles or up the 
Channel. Meanwhile pressure is high over Spain and southern 
France. Stormy westerly winds blow over northern France with 
dense low cloud and heavy rain. A rough sea is raised in the Bay of 
Biscay and the Channel. As each depression passes, the wind veers 
to the north-west, the temperature falls and the weather clears, but 
the wet, stormy conditions soon return with the approach of the next 
depression. Southern France also experiences westerly winds, but 
much less violent and with less cloud and rain. 


Southerly Type (Fig. 139) 


The continental high-pressure ridge is well developed, extending 
into Spain; pressure is low to the west of the British Isles and, 
consequently, warm, wet oceanic air of sub-tropical origin flows 
northwards along the western edge of the ‘high’ in the Bay of Biscay 
and western France. Abnormally mild, wet, cloudy weather with 
strong winds and a rough sea is the result, but the Channel may 
remain calm and eastern France may still be under the influence of 
the continental anticyclone. Sometimes, however, the continental 
ridge of high pressure breaks down, and a continuous pressure 
gradient is established between North Africa and the British Isles. 
There is then a flow of African (Sirocco) air which blows in con- 
siderable force through the gap between the Pyrenees and Alps and 
brings warm air but rough and rainy weather to the whole of France. 


NOTE ON SNOW-COVER 


For the greater part of Europe, statistics of the frequency of occurrence 
and duration of snow-cover are not easy to obtain. In general 
observers are asked to record ‘snow lying’ when more than half the 
ground within sight at the level of the station is covered with snow. - 





NORTHERLY TYPE WESTERLY TYPE 
e.g. April 25th 1919: e.g: February 215 1919 









NORTH WESTERLY (Mistral) TYPE SOUTHERLY TYPE 
e.g. March 23 1912 e.g January 20th 1919 


Fig. 139. Types of weather 


Based on J. Rouch (see p. 222). The main depression tracks are indicated; the 
smaller arrows show winds according to the Beaufort scale. 
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Clearly, there are many occasions on which some difference of 
opinion is likely to arise, and this is especially true in mountainous. 
districts; in a month such as March, large areas may be almost free 
from snow on one side of a valley, while on the shady side a heavy 
and continuous cover persists. Further, in areas subject to severe 
drifting, for example on mountains above the tree-line, roads may 
remain blocked by extensive drifts long after the majority of the 
ground at the same level has become free from snow. Much depends 
on the quantity of snow and the exposure; in both the Alps and 
Pyrenees, examples can be named of high road passes (1,800 m. or 
more) but a few miles apart, one of which can be kept clear and is 
generally passable throughout the winter, while its neighbour is 
- completely blocked for upwards of six months. 

On lower ground the alternation of frost and thaw, characteristic 
of the western European winter, is liable to give rise to dangerous 
road conditions, especially on hills, whenever snow is present. The 
following estimates should be useful as an indication of the degree 
to which precautions should be taken. It must be further remembered 
that in a severe winter the duration of snow-cover on the low ground 
of western Europe may be trebled, if not more. 

In the following section a series of estimates is given of the 
average frequency of occurrence of snow-cover in France. It may 
however be asked, in what months is snow to be expected and the 
following rules may be given for inland stations: 

(1) Where the average number of days with snow-cover is given 
as less than 100, it may be fairly assumed that, again on the average, 
five out of every twenty occur in December and in February, six in 
January, three in March and one in November. 

(2) Where the number of days with snow-cover exceeds 100, it 
may be assumed that the ground is for practical purposes covered 
continuously from 1 December to 1 5 March. 'The remainder of the 
days above 100 may be divided in the ratio one-third before 
1 December and two-thirds after 15 March. 

(3) In regions where snow-cover lasts more than 100 days, 
roads (unless artificially cleared) generally remain blocked for about 
20 days after the end of snow-cover as given by (2). It may be 
added that when the frequency of snow-cover is given as 50 days, 
roads are generally reported to be ‘occasionally blocked for brief 
periods in severe weather’; and at levels where snow-cover reaches 
80 days, mountain roads are commonly blocked for the greater part 
of three months, except on the Central Massif. 
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(4) In mountainous country, at any given level, occasional drifts 
in sheltered places will be found for a period roughly one-third 
longer than that given for the frequency of snow-cover. E.g. at 
2,500 m. in Savoy (with a snow-cover of 240 days) occasional 
drifts will persist almost through an average year. 

It is not yet possible to make a complete map showing the frequency 
of snow-cover in France; the following regional estimates should 
therefore be used. 


A. Northern France (north of Nantes-Orléans-Dyon-Belfort) 


(1) Lowlands. Over the whole of the lowlands of northern France 
below the 300 m. level, snow-cover does not appear to accumulate 
sufficiently to form a serious obstacle to transport apart from normal 
risks on slippery roads. While considerable drifting occurs at times 
on open uplands towards the north-east, the fact that roads are either 
unfenced for long distances or bordered by extensive forest is an 
advantage. ; 

The annual average frequency of snow-cover may be estimated as 
less than 1 day on the extreme west coast, and about 5 days on the 
northern Channel coast at sea level. It rises sharply inland, and with 
elevation, to 10-15 days for low ground in the Paris region; to 
15-20 days on high ground in Normandy; and to over 20 days on 
higher ridges in eastern Picardy. These figures are very similar to 
those recorded for northern England between the coast and the 
200 m. level. The average for the low ground of Alsace and the upper 
Seine valley may be generalized as 20 days. 

(2) Uplands and Mountains. Much of Burgundy lies above 300 m. 
and here snow-cover may be expected for 30 days rising to over 40 
on the higher ground of the Plateau de Langres and the Céte d’Or. 
At Belfort (400 m.) the average is just over 40 days; at Nancy 
(250 m.) close to 30 days; on the Argonne ridges upwards of 30. 
In the Ardennes there is a rapid increase with elevation to 60~70 days 
at the prevailing level of 500m. and to more than 80 days on the 
summits (650 m.) beyond the frontier. 

In the Vosges, 50 days may be expected at 500 m., 100 days at 
800 m. and 160-180 days on the summits (1,200-1,500 m.). ‘The 
higher passes are closed in winter except for the Col de Bonhomme 
(1,000 m.) which is artificially cleared; obstruction is stated to be 
intermittent, for short periods in severe weather. 
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B. Central and Southern France 


(1) Lowlands. Inland in south and south-west France, the average 
number of days with snow-cover is small (of the order ‘of 5). On the 
Atlantic and Mediterranean littoral, although snow does fall, snow- 
cover is rare enough to be virtually disregarded. 

Central France, however, while drier, is much colder; on the drier 
north-east flanks of the Central Massif, in the middle and upper 
Loire basin and in the Sadne valley, below Dijon, snow-cover may 
be expected each year for 10-15 days up to 300 m. 

(2) Uplands and Mountains. In the Central Plateau the large area 
from 300 to 1,000 m. to the north-west of the Auvergne mountains 
is wet and receives a considerable winter snowfall which, however, 
apparently thaws frequently even at the higher level. The average 
number of days with snow-cover rises here from about Io at 300 m., 
to 25 at 500 m., and perhaps 65 at 1,000 m., at which level weather 
conditions in January-February often resemble those prevailing on 
the high Pennines. The south-western plateau region is rather lower, 
and probably less snowy. ‘To the south-east the Cévennes also receive 
a considerable snowfall at higher levels, which appears likely to lie on 
about 70 days at 1,000 m., rising to over 100 days at 1,200 m. Many 
main roads cross the plateau at about the 1,000 m. level and inter- 
mittent obstruction should be allowed for; a few roads, especially in 
the Monts de Cantal, cross passes over 1,200 m. and are regularly 
blocked. In the Cantal it may confidently be estimated that snow lies 
at 1,200 m. for well over 100 days and at 1,600 m. for about 150 days. 

In the Alps, conditions of road transport vary very greatly because 
of variations not so much in the duration as in quantity of snow from 
one valley to another*. For example, the Mont Genévre pass into 
Italy (2,000 m.) is generally kept open except for brief periods in 
severe weather, while the nearby Col du Vars (2,300 m.) is closed 
for nearly 8 months and the Col d’Aravis (1,600 m.) for over 5 months. 
Broadly it may be said that first class main roads can generally be 
kept passable up to 1,200 m.* 

Over the country as a whole, exposure, aspect, amount of pre- 
cipitation and rapidity of evaporation all cause marked differences in 
snow-cover from place to place, even in the same valley. Very 
generally it may be said that the duration of snow-cover is of the 
order of 30% longer on the shady side of valleys than on the sunny 


* For conditions in the passes of the Alps and Pyrenees, see the chapter on 
‘Roads’ in vol. 1v of this Handbook, 
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side, quite apart from other local factors. Hence the following 
regional estimates must only be regarded as very rough indications 
of the degree to which snow-cover prevails. 


Days with Ground covered by Snow 








| 1,200 m. 1,800 m. 2,4.00 m. 








Southern Provencal Alps, 150 240 
close to Riviera 

Cottian Alps 150 220 

Savoy Alps 180 240 


Jura 





In the Pyrenees conditions are not quite so complicated as in the 
Alps, but it is noteworthy that in parts of the eastern Pyrenees, 
notably the Cerdagne (upper ‘Tet-Segre valleys), the quantity of 
snowfall is considerably smaller than that prevailing in the valleys 
draining northward; several high-level roads, therefore, remain 
passable throughout the winter. Elsewhere, however, all the passes 
above 1,100 m. which cross the watershed, or between adjacent 
valleys on the French side, are completely blocked for a period each 
winter. 

For the French side of the Pyrenees, making the same qualifications 
as in the Alps, the following estimates may be given: 


Days with Ground covered by Snow 























o 600 m. 1,200 m. 1,800 m. 2,400 m. 
Western Pyrenees 15 go 150 — 
(to the Somport) 
Central Pyrenees 20 100 170 240 
(Somport-Andorra) 
Eastern Pyrenees 10 80 150 200 
(east of Andorra) 











BIBLIOGRAPHICAL NOTE 


1. The Atlas de France provides a wealth of climatic information, in cartographic 
form: plates 12-19 (Paris, 1933-38) are devoted to the distribution of the climatic 
elements. 


2. Le Climat de la France by G. Bigourdan, Paris, 1916, though rather out of 
date, contains some useful information, especially in the maps and statistical 
tables. 

A recent account by E. Alt describes the climates of central and southern 
' Europe including France, though the country is not treated as a unit. It is much 
“more up-to-date than the account by Bigourdan, and contains much statistical 
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matter relating to fifty-three stations in France—E. Alt, “‘Klimakunde von Mittel- 
und Siid-europa’, pp. 150-6 (Berlin, 1938). This is vol. 111, part M. of the Handbuch 
der Klimatologie, edited by W. Képpen and R. Geiger. 

A valuable book is Notice Meétéorologique sur les cétes de France d’ Afrique du Nord, 


by J. Rouch (Paris, 1933). 


3. The official French sources of information are the Annales du Bureau Central 
Météorologique de France, from 1877 to 1920, and thereafter Bureau Central 


Meétéorologique de France, Bulletin Mensuel. 

The Bureau also publishes Météorologie Aéronautique, which is the best source of 
information on winds, but the data for upper winds, though copious, are incomplete 
since they are based on exploration by ‘balloons sondes’ for which conditions are 


not always favourable. 


4. Detailed information about the climate and weather of the coast are given in 
the following publications of the British Meteorological Office: 

M.O. 3916. Weather in the Mediterranean (1926). 

M.O. 4466. Weather in Home Waters and the North Eastern Atlantic (1940). 


5. ‘The Channel Pilot’, ‘The Bay of Biscay Pilot’ and ‘The Mediterranean 
Pilot’ include brief descriptions of coastal weather conditions and provide some 
useful tables of data, especially on winds and gales. 


6. In addition to the information contained in the general references above, the 
following provide useful information on snow-cover: 3 

E. Bénévent, ‘La neige dans les Alpes frangaises’, Rec. Inst. de Géog. Alpine, 
vol. v, pp. 403-498 (Grenoble, 1917). 

A.A. Reports of obstructions of Alpine and other roads. 

Further information on the roads of the Alps and Pyrenees will be found in 
vol. Iv, chap. v of this Handbook. 


CLIMATIC TABLES 


. Average monthly temperatures. 

rf. 
Pil. 
IV. 
. Average annual and monthly rainfall figures. 
VI. 
Vil. 
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VII. Average amount of rain (mm.) per rain day 
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[From E. Alt, op. cit. pp. 150-6 and 224.] 


APPENDIX: MAPS OF FRANCE 


The maps of France may be described under the following heads: 


A. French Government topographical maps and plans. 

B. Maps published by the Geographical Section of the British 
General Staff. 

C. Admiralty charts. 

D. Geological maps. 

EK. Atlas de France. 

F. Miscellaneous maps. 


In each group the maps are listed as far as possible in order of 
scale, those on a large scale coming first. The following particulars 
are given where applicable for each series: 


_ (1) Authority responsible for its production. 

(2) Date of production, with subsequent revisions. Unfortunately, 
however, many French maps are not dated. 

(3) Number of sheets in the series, both the intended total and the 
number actually produced to date (G.S.G.S.) or to 1939 (French 
Government). 

(4) Size of sheets, measured to the margin of the area mapped. 

(5) The projection of those maps on a scale smaller than 1 : 50,000. 

(6) Grid and/or graticule, with point of origin. 

(7) Scale-lines. 

(8) Miscellaneous marginal information. 

(9) Whether coloured or in black. 

(10) The method of representation of relief. 
(11) Details of roads, railways and other information. 


Outstandingly successful or unsuccessful series are indicated. 

When a map has been issued in several editions, full details are 
given for the first edition, and amendments only are noted in the 
_ case of the others. 


. FRENCH GOVERNMENT TOPOGRAPHICAL Maps AND PLANS 


The department primarily responsible for the production of official maps is 
the Service Géographique de l’ Armée, formerly part of the Dépdt de la Guerre. 
Other Ministries, notably those of the Interior, of Public Works and of 
Agriculture, have issued series of maps for specific purposes. Many depart- 
ments and municipalities have also published their own large-scale maps. 
The various series of maps are not always in agreement. 
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Surveys in the field, trigonometrical and topographical, are as follows: 
(1) A French triangulation (1818-45), which was not carried out as a whole. 
It was started between the latitude of Dunkirk and of the Spanish frontier, 
and was amplified later by other meridians and parallels, forming a rough 
grid over the country; in some instances the various chains have not been 
satisfactorily adjusted. Detailed tertiary triangulation was carried on during 
the production of each particular sheet of the 1 : 80,000. A new triangulation 
has been in course of execution since the war of 1914-18 but had not been 
completed by 1939. It has been ‘tied’ to the triangulations of Great Britain, 
Belgium, Switzerland and Italy, and Corsica has been linked by a special 
triangulation to points on the Riviera coast. (2) A cadastral survey on a 
scale of I : 2,500 was begun under Napoleon, and completed commune by 
commune, just as the British Ordnance Survey plans were produced parish 
by parish. The plans of each commune (in some cases consisting of six to 
twelve parts or parcellaires) were reduced by hand to a scale of I : 10,000, 
and it is upon these reductions that the subsequent mapping of France 
depended. But the actual survey was not based upon the triangulation, 
although the reductions were adjusted to the positions of the triangulation 
in the compilation of the map. 

A Commission royale de la Carte de France was formed in June 1817, and 
after long discussion a scale of 1 : 50,000 for a national map was decided 
upon in 1824. A number of sheets on the 1 : 50,000 scale were published, 
but it was then realized that the complete series would be too expensive, 
and the Carte d’Etat Major ona scale of 1 : 80,000 was begun. It is interesting 
to note that this scale was the largest possible for the sum of money voted. 
It has had the consequence of dictating the scales of larger maps such as 
the 1 : 40,000 and of the 1 : 20,000 Plans directeurs. German, Dutch and 
Italian custom is to use the 1 : 50,000 and 1 : 25,000 scales, while Belgium 
has followed France in the use of derivatives of the 1 : 80,000. 

In 1895 a new coloured series of the 1 : 50,000 was commenced, but once 
again shortage of money prevented more than the frontier zones being 
mapped before the war of 1914-18. The series was continued after 1918, 
but had not been completed by 1939. The Sérvice Géographique de l Armée 
also published a 1 : 200,000 series for the French General Staff, and a 
I : 500,000 for the Dépét des Fortifications. A number of large-scale sheets 
or Plans directeurs based on the cadastral survey were produced on scales 
of I : 10,000, I : 20,000 and 1 : 40,000; some have been issued for parts of 
the eastern frontier, for the Paris region and for a few other small areas. 

It may be noted that the regular series (1 : 50,000, 1 : 80,000, I : 200,000, 
I : 500,000 and the international 1 : 1,000,000) are on sale generally, while 
most of the 1 : 10,000, except those of certain fortified areas, may also be 
obtained. Cadastral plans are not on sale, but may be seen at the Mairie, 
and town plans, produced by municipalities, can be seen at the civic centres. 
Heights of bench marks and of level lines are published in a series of small 
volumes by the Nivellement Général de la France. 


(1) 1: 10,000. Plans directeurs. 


Two almost identical editions have been published, an old edition pro- 
duced during the middle of the nineteenth century by the Dépét de la Guerre, 
and a revised edition, in course of publication in 1938, by the Service 
Géographique de l’ Armée. These form the quarter sheets of the new 1 : 20,000 
map, and are the base maps from which the latter are drawn. Where the 
revised edition is available, the old edition has been withdrawn. There are 
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114 sheets of variable size of these two editions, restricted to the neigh- 
bourhood of the north-east frontier. 

Relief is shown by contours at 5 m. interval, with spot-heights. All 
detail is in black. 


(2) 1: 10,000. Plans directeurs dressés pendant la guerre. 


Produced by the Service Géographique de l’ Armée of the zone of operations 
in 1914-18. These are available only for military purposes. 188 sheets. 
Size of sheet variable. 

Of the sheets published 146 are in black, and forty-two in black with 
contours brown. Some of the Alsace sheets have woods superimposed in 
green. 


(3) 1: 10,000. Plan de la région de Paris. 


Produced from the old 1 : 10,000 edition revised to May 1933. It is in 
course of publication; of the 288 proposed sheets 190 had been published 
by 1 May 1938. Sheets 50 x 30 cm. 

Relief is shown by contours in brown at 5 m. interval, with spot-heights 
in black. Detail in five colours. 


(4) 1: 20,000. Plans directeurs. 


A total of 260 sheets of various editions have been published of most of 
the eastern frontier, parts of the Mediterranean coast, Paris and Lyons 
districts and some smaller areas. Other sheets are in progress. Each is 
covered with a numbered kilometre grid. The outer margin is divided into 
5 min. (centesimal) intervals. Sheets 15 x 20 cm. Sheets printed in black. 

Relief is shown by contours at 5 m. interval, every fifth emphasized, with 
spot-heights in black. Trigonometrical point shown by black triangle. 
Occasional intermediate form lines are added in pecked lines. Roads in 
double lines (six grades), field boundaries in fine lines, railways in heavy 
double lines (three grades), power lines in black with arrow heads, buildings 
in solid black, woods by symbol and stipple. 


(5) I : 20,000. 


Similar edition, but in larger sheets 50 x 35 cm. 


(6) 1 : 20,000. 


Coloured edition, 50x 35 cm. Detail as for (4), but water in blue and 
contours in brown. 


(7) I : 20,000. 


A larger sheet in black, 50 x 70 cm. Each sheet os pead approximately 
to a quarter of the I : 50,000 edition in colours. 


(8) I : 20,000. 


As for (7), but in three colours. 
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(9) 1: 20,000. Plans directeurs dressés pendant la guerre. 


Produced by Service Géographique de l’ Armée, 1914-18, of the zone of 
operations. 283 sheets in black, twenty-six sheets have contours in brown. 

Relief by contours at 5 m. interval and spot-heights. Woods superimposed 
in green on Alsatian sheets. 


(10) 1: 20,000. Planchettes d’ Alsace et de Lorraine. 


An enlargement of the German 1 : 25,000 maps of 1879-81, revised in 
1887. French edition in 1920. Sixty-six sheets. Produced in black. 

Relief shown by contours at 5 m. interval and spot-heights. Names in 
German. 


(11) 1: 20,000. Environs de Paris. 


Thirty-six sheets produced in six colours. 
Relief by contours in brown at 5 m. interval. 


(12) 1: 20,000. Carte de la région de Parts. 


A map in course of publication, produced from the new I : 10,000 series. 
Seventy-two sheets, 50 x 70 cm., of which twenty-two had been published 
by 1 May 1938. 

Relief by contours in brown at 5 m. interval, other detail in four colours. 


(13) 1:25,000. Gorges du Verdon. 


Two sheets of a tourist edition produced in three colours. Published 1936. 


(14) 1: 40,000. Carte d’Etat-Major. 


A contoured map, interval 1om., in black, used for preparation of 
(23) below. 


(15). 1; 50,000.. Type1900. 


Produced by Service Géographique de l’ Armée. Type surveyed in 1900 and 
published in decade before 1914. Sheets published of eastern frontier and 
of the neighbourhood of large towns. Size of sheets 55 x 38 cm. Drawn on 
Clarke’s Ellipsoidal projection. Latitudes and longitudes shown on margin in 
sexagesimal (originating from Greenwich) and centesimal system (originating 
from the Panthéon, Paris). Scale in kilometres. The margins are left open 
and the principal roads, railways, names, etc. are continued off the sheet. 

Map printed in eight to twelve colours. Relief shown by contours in 
brown at 10 m. interval with spot-heights. A double system of hill-shading, 
vertical in brown and oblique from the north-west in purplish grey. Roads 
in black (four grades), buildings in solid red, water in blue, woods, meadows 
and gardens in different shades of green, orchards and vineyards in purple. 

‘This was a very expensive map to produce. 


(16) 1: 50,000. Edition provisoire. 


Produced by Service Géographique de l’Armée. Sheets 58 x 40 cm. 
A revised and simplified edition of (15). ; 

Contours in brown at 1o m. interval, with oblique hill-shading in brown 
from the north-west. Woods and cultivation in black symbols and pale — 
green tints, roads in double or single black lines, rivers in blue. 
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(17) 1: 50,000. Type 1922. Nouvelle Carte de France. 


This has superseded (16) and the much more expensive (15). Sheets have 
been published at intervals from 1922 onwards. By 1 January 1936 there 
were 149 sheets, covering most of the eastern frontier (119), parts of the 
Mediterranean coast (16), and the districts round Lyons (2), Paris (9) and 
Cherbourg (3). 

Printed in five colours. Details as for (16). 


(18) 1: 50,000. Type 1922. Edition militaire. 
Similar to (17), but printed in black, brown and blue alone. Km. grid. 


(19) 1: 50,000. Type 1922. Edition oro-hydrographique. 


Similar to (17), but submarine contours in blue at 1o m. interval. 


(20) 1: 50,000. Environs de villes. 


Five sheets (Marseilles, Nice, Strasbourg, Metz and Thionville) in five 
or seven colours. 


(21) E+ 50,000. 


Photographic enlargement of the 1 : 80,000. Bonne’s projection. Kilo- 
metre grid. In black. This early edition is not entirely superseded by (15)— 
(20), as the latter do not cover the whole of France. 


(22) 1: 50,000. Environs de villes. 


Photographic enlargements of important towns from (23). ‘Twenty-five 
sheets in black. 


(23) 1: 80,000. Carte d’Etat-Major. 


Produced by Dépét de la Guerre. 274 sheets published between 1818 and 
1878, revised periodically. Sheet size 40 x 25 cm. (Now issued in quarter 
sheets.) Latitudes and longitudes are given in both sexagesimal and cente- 
simal systems, also the co-ordinates of the sheet corners from the Panthéon. 
Bonne’s projection. Scales are given in kilometres, marine and terrestrial 
leagues and totses. ‘The older editions were printed in black from an engraved 
plate, the more recent were photolithographed. 

_ Relief is shown by heavy hachuring, which in many instances makes parts 
of the map illegible. No contours. All detail in heavy black. 


4 (24) 1: 80,000. Frontiére des Alpes. 


A special edition of (23) showing the Alpine areas, fifty-three sheets. 
Published 1870-80. Railways revised periodically. 

Relief shown by contours at 20m. interval in brown, cliff-drawing in 
brown, no hachures. Glaciers are drawn uncontoured in blue, water in 
blue, woods in dull green. 


(25) 1: 80,000. Environs de villes. 


Fifty sheets reproduced from (23) in black. Sheets of various sizes. 
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(26) 1 : 80,000. Environs de Paris. 


Four sheets. Relief shown by contours at 10 m. interval in brown. 


(27) 1 : 100,000. 


Produced by Service Géographique de l’ Armée, by order of the Ministre 
de Il’Intérieur, 1922. Periodic revisions. Sheets 38 x 28cm. Margin and 
graticule on sexagesimal system. 

Relief shown by very soft grey vertical hill-shading, with spot-heights in 
blue. No contours. Towns in black, with a variety of symbols for chateaux, 
mills, factories, etc., roads in red, woods by green symbol within green 
boundary, water in blue. : 


(28) 1: 200,000. Type 1880. 


Produced by Service Géographique de l’Armée. Eighty-one sheets, of 
which seventy-five are 66 x 40 cm., six are 33 x 40cm. Bonne’s projection. 
Meridians and parallels at 20 min. intervals are carried across the map to 
form a graticule, inclined to the margins, numbered in centesimal system. 
Margin also divided in kilometres from the Panthéon, every fifth numbered. 

Relief is shown by contours in pale brown lines at 40 m. interval, with 
occasional interpolated pecked form-lines at 20 m., and by hill-shading in 
faint brown, with spot-heights in black. In many places the map is so 
overcrowded with names and details that the relief is illegible. 

Roads and tracks in red (six grades), railways in black (three grades), 
water in blue, woodland in green symbols, large towns by red diagonal lines, 
smaller towns by red circles of various sizes. 


(29) 1: 200,000. ‘Type 1912. 


Produced by Service Géographique de Il’ Armée. 'Twenty-six sheets only 
issued, others in course of publication. A revised edition with minor 
differences. 

Relief shown by contours at 20 m. interval, hill-shading much heavier. 
Woods by a heavy green diagonal shading. Towns by black symbol. 

The map has a much heavier appearance than (28) and is very difficult 
to read in many places. 


(30) I : 200,000. 


Types 1880 and 1912 with road classification numbers in red of the 
Routes Nationales (N.), Chemins de Grande Communications (C. de G.C.), 
and Routes Départementales (R.D.). Some sheets have only N. . 


(31) 1: 200,000. Type Tourisme. 


Seventeen sheets of varying size to cover as units the main tourist regions, 
e.g. Les Routes des Alpes, Nord et Sud; La Céte d’ Azur; Les Pyrénées et la 
Céte Basque. 

Relief as in (29), but 20 m. interpolations omitted in mountainous areas, 
and every fifth contour (200m.) emphasized. In addition to the road 
classification of (30), figures in black indicate distances in kilometres between 
black flag symbol at towns and road junctions. 


(32) 1: 200,000. Edition oro-hydrographique. 


Similar to (28) but submarine contours in blue added at 5 and 1om., 
thence every Io m. 
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(33) 1: 200,000. Edition de Départements. 


Similar to (28), but ten sheets of variable size showing a complete depart- 
ment. 


(34) 1: 200,000. Environs de Paris. 


Similar to (28), but four sheets 66 x 40 cm. to show the surroundings 
of Paris. 


(35) 1:200,000. Carte de France. 


Produced 1880-1900 by the Service des Cartes et Plans du Ministére des 
Travaux Publics. 141 sheets. Sheet size 42°5 x 22°5 cm. Meridians and 
parallels at 20 min. intervals are carried across the map to form a graticule, 
numbered in centesimal system. Produced in three colours. 

Relief shown by brown contours at Ioo m. interval, with spot-heights in 
brown. Water in blue. Woods stippled grey. 


(30) 1 2320,000. 


Produced by Dépét de la Guerre. Published 1852-86. Railways revised 
periodically. Thirty-three sheets of which five comprise chiefly the south coast 
- cf England. Size 80x50 cm. Similar in style and detail to (23). Printed in 
black from the engraved plate. 
Relief shown by hachures and spot-heights without contours. 


(37) 1: 500,000. Dépét des Fortifications. 


Begun by Dépét des Fortifications in 1871 and completed by Service 

Géographique de l’ Armée in 1893. Fifteen sheets, 70 x 31 cm. (also published 

_ in quarter sheets). Bonne’s projection. Margins divided into 10 min. 
intervals (sexagesimal system) from Paris. Graticule of 1° latitude and 
longitude. Time difference from Paris in margin. 

Relief shown by light brown contours at 100m. interval, every fifth 
contour emphasized, spot-heights in black. . Roads (three grades) and 
railways (two grades) in black, water in blue, woods tinted faint green. 
Six town symbols according to population. 


(38) 1: 500,000. Dépét des Fortifications. Edition oro-hydro- 
graphique. 


Fifteen sheets, 70 x 31 cm. (now issued only in quarter sheets). Bonne’s 
projection. Marginal details, graticule, etc., as for (37). 

Relief shown by light brown hachuring and spot-heights, but no terrestrial 
contours. Submarine contours in brown at 1om. interval, blue stipple 
between high and low water. Detailed coastal configuration, showing 
islands, shoals, etc. Rivers and canals in blue, distinguishing between 
navigable, flottable and unnavigable waterways. Names of rivers and bays 
in blue, of headlands, hiils, etc. in black. Naval and commercial ports 

_- denoted by blue symbols, but no names of towns. Woods tinted green. 


. (39) 1: 500,000. Carte de France et des pays limitrophes. 


, Produced by the Service Géographique de l Armée, 1925, to supersede (37). 
_ Four sheets 46 cm. square to each sheet of the 1 : 1,000,000 International 
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Map, twenty-one in all. Polyconic projection. Margin divided into centesimal 
(longitude from the Panthéon) and sexagesimal (longitude from Greenwich) 
systems. Graticule of 30 min. (sexagesimal) latitude and longitude. 

Relief shown by contours in brown at 100 m. interval, oblique light brown 
hill-shading and spot-heights. Roads, railways and town signs in black, 
water and water names in blue, woods tinted green. 


(40) 1: 500,000. Type Aviation. 


Another edition of (39). 

Relief shown by light grey hill-shading with spot-heights in large black 
figures, no contours. Blue form lines for snow fields and glaciers. Principal 
cities and roads in red, railways by heavy black lines, lakes and rivers in 
heavy blue. Black symbols for a variety of technical aeronautical information. 


(41) 1 : 600,000. 


Produced by Dépét de la Guerre. Six sheets produced in 1872-87, revised 
in 1891. Sheets 40 x 29 cm. 

The sheets are printed in black, relief shown by hachures and spot-heights. 

An unattractive map. 


(42) 1 : 600,000. 


Produced by Dépét de la Guerre. Six sheets, similar to (40), with frontiers, 
rivers and woods superimposed in colours. 


(43) 1: 800,000. Carte des Chemins de Fer francais (S.N.C.F.). 


Produced by Service Géographique de l’ Armée, 1939, and reserved for the 
use of the military authorities. Four sheets, 70 x 100 cm. Insets of Paris 
and other complicated areas on various larger scales. 

Show complete railway system, by gauge and by number of tracks, in 
red and green. Rivers and canals in blue. 


(44) I: 1,000,000. Carte international du Monde au Maillionieme. 


Nine sheets, 44 x 48 cm. (north margin) and x5o0cm. (south margin), 
of which one is published by British Ordnance Survey, six by the Service 
Géographique de l Armée, and two by Istituto Geografico Mailitare, Florence. 
International sheet numbering M 30, M 31, M 32, L 30, L 31, L 32, K 30, 
K 31, and K 32. Modified Polyconic projection. Graticule at degree inter- 
vals of latitude and longitude (sexagesimal) from Greenwich. 

Relief shown by green contour lines at 100 and 200m., then 200 m. 
interval, with coloured layering, and spot-heights in black. Roads in red 
(four grades), railways in black (four grades), towns of five orders of im- 
portance by different symbols, water in blue. 


(45) 1: 1,000,000. Carte de France au Millioniéme. 


Seven sheets, similar to corresponding sheets of (44), but extra-French 
territory in less detail. 


(46) 1:1,000,000. Carte de France au Millioniéme. 


_In two sheets, published by Service Géographique de l’ Armée, 1934. Sheet 
size 96 x 58 cm. Lambert’s secant-conic projection. The graticule is drawn 
at degree intervals (sexagesimal). Outer margin divided into grades. 
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Relief shown by light brown hill-shading and spot-heights in black. 
Rivers, lakes and canals in blue. Routes Nationales in red. Railways in black 
(two grades). State and departmental boundaries in black. Towns in black 
(five grades). 

(47) 1: 1,000,000. Carte de France au Millioniéme. 


In two sheets, published by Service Géographique de l’ Armée for Ministére 
des Travaux Publics, 1936. 

Similar to (46), but Routes Nationales lettered and numbered. Maps of 
the Paris and Lille regions on scale of 1: 400,000 inset. 
(48) 1: 1,000,000. Carte normale aéronautique internationale. 1936. 


Nine sheets similar to (44), but technical aeronautical details added. 


(49) 1: 1,250,000. Carte itinéraire des Routes Nationales de France et 
d’ Algérie. 

Produced by Service Géographique del’ Armée for the Ministére des Travaux 
Publics, 1936. Routes Nationales in red, lettered and numbered (N.), kilo- 
metrages in red, railways in black, rivers in blue. 

(50) 1: 1,250,000. Carte des Chemins de Fer francais. 

Produced by Service Géographique de l Armée for the Ministére des Travaux 
Publics, 1923. Four sheets, with railways by gauge and by number of tracks 
in red and green. Rivers and canals in blue. 

(51) 1: 1,250,000. Carte de la Navigation Intérieure de la France. 

Produced by Service Géographique de l’ Armée for the Ministére des Travaux 
Publics, 1890, with several revisions up to 1936. Sheet 75 x 100 cm. 

Rivers and canals in blue, grades according to the Freycinet classification. 
(52) 1: 1,400,000. Carte administrative de la France. 


Produced by Service Géographique de l’ Armée in 1926. 
Shows départements, arrondissements and cantons, with boundaries in black. 


(53) -1 = 1,400,000. 
As (52), with the addition of railways in black. 


(54) I : 1,400,000. 


As (52), but département and arrondissement boundaries in red. 


(55) 1 : 1,400,000. 
As (54), but each département coloured. 


(56) 1: 1,600,000. Carte générale des triangles fondamentaux de la 
carte de France. 


Produced by the Dépét de la Guerre in 1864. Two sheets, 68 x 62 cm., 
showing the first-class triangulation. 
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(57) 1: 1,750,000. Nouvelle triangulation de la France. 
Produced by the Service Géographique de ? Armée in 1870. 


(58) 1: 1,750,000. Carte des lignes d’égale déclinaison magnétique. 
1 January 1932. | : 


(59) 1 : 2,500,000 at latitude 46°N. Carte Générale Aéronautique 
Internationale. 


Produced in 1926 by the Service Géographique de l’ Armée, and corrected 
and revised up to 1 March 1938. Sheet 67 x72 cm. Mercator’s projection. 
The graticule is drawn at degree intervals (sexagesimal). Anti-latitudes and 
anti-meridians along margins. Numbers of I : 1,000,000 maps in margin. 
Scale-line given in 100 km. for latitudes 40, 44, 48 and 52° N. 

Relief is shown by layer colouring of yellows and browns, contours at 
500, 1,000, 2,000 and 3,000 m. Spot-heights given to one place of decimals 
of a metre, reckoned always to the tenth above the actual height. Roads 
in red, railways in black, rivers in blue, detailed technical aeronautical 
information in black. - 


B. Maps PuBLISHED BY THE GEOGRAPHICAL SECTION 
OF THE BRITISH GENERAL STAFF 


(1) 1:25,000. G.S.G.S. Series 4041. France and Belgium. 


Topographical series reduced from the French 1 . 20,000 (1937), revised 
and reprinted (1940) by the Ordnance Survey. 389 sheets, 40 x 60 cm. 
Kilometre grid, numbered in margins in blue. Latitude and longitude (sexa- 
gesimal) given in each corner. Scale in kilometres, 1,000 yards and miles. 

Produced in five styles: 

(a) Relief shown by contours in black at 1 m. interval, every fifth em- 
phasized. All detail in black. As a result, the map is in many places illegible, 
with a smudgy black appearance. 

(6) Relief shown by contours in red at 5 m. interval, every fourth em- 
phasized, spot-heights in black. Rivers in blue, but all other detail in black 
as (a). 

(c) Relief shown by contours in black at 1om. interval, every fourth 
emphasized. Field boundaries in black. Other detail as (a). 

(d) Relief shown by contours in black at 5 m. interval, with interpolated 
pecked form lines in places. 

(e) Relief shown by contours in red or orange at 10 m. interval, every 
fourth emphasized. Rivers in blue. This is the clearest of the series. 


(2) 1: 50,000. G.S.G.S. Series 4040. France and Belgium. 


‘Topographical series enlarged from the French 1 : 80,000, checked by the 
Plans directeurs 1 : 20,000, revised and reprinted by the Ordnance Survey, 
1935-8. 124 sheets, 52x 72cm. Kilometre grid, numbered in margins in 
blue. Latitude and longitude (sexagesimal) given in each corner. Scale in 
kilometres, 1,000 yards and miles. 

Relief is shown by contours in red at 10 m. interval, every fifth emphasized, 
but no spot-heights. Roads in double lines, railways in black, water in blue, - 
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woods by symbols with a green tint, and detailed symbols for churches, 
windmills, etc. 
A clearly drawn and most informative map. 


(3) 1: 50,000. G.S.G.S. Series 4040 A. France and Belgium. 


Topographical series enlarged from the French 1 : 80,000, revised and 
reprinted (1935-8) by the Ordnance Survey. Sixty-five sheets, 43 x 67 cm., 
series being continued round coastal areas. Kilometre grid inclined to the 
margins. Grid north is a stated variable number of degrees west of true 
north in the centre of the sheet. Grid numbered in red figures. Outside 
margin divided into minutes of latitude and longitude (sexagesimal), 
co-ordinates given in full at each corner. Scale in kilometres, 1,000 yards 
and miles. ’ 

Printed entirely in black. Relief is shown by hachures and spot-heights. 
Extensive detail is shown by black symbols. Woodland is shown by black 
stippling and symbols, which, when overlying the hachures, produces a 
heavy and somewhat confused effect. 


(4) 1: 50,000. G.S.G.S. Series 4040 B. France (north-west). 


‘Topographical series enlarged from the French 1 : 80,000, revised and 
reprinted (1940) by the Ordnance Survey. Eighty-four sheets, 40 x 64 cm., 
with others in progress. Kilometre grid, numbered in the margins. The 
grid on the majority of sheets is Lambert Zone I. 'The grid north is a stated 
variable number of degrees west of true north. The origin of the grid is the 
intersection of parallel 55 grades north, with the longitude of the Paris 
Observatory. Figures are given in red. The grid on some sheets is Lambert 
Zone II. The grid north is a stated variable number of degrees west of true 
north. The origin of the grid is the intersection of a parallel 52 grades north, 
with the longitude of Paris Observatory. Figures are given in blue. A small 
number of sheets have both Zone I or Zone II, with the alternative grid 
ticks in the margin. The outside margin is divided into minutes of latitude 
and longitude (sexagesimal), with co-ordinates in full at each corner. Scale 
in kilometres, 1,000 yards and miles. 

The map is printed in black. Relief is shown by hachures and spot- 
heights. 


(5) 1:250,000. G.S.G.S. Series 4042. Northern France, Belgium 
and southern Holland. 


‘Topographical series revised and printed by the Ordnance Survey (1939). 
Eleven sheets, 73 ¥ 52cm. 10km. grid numbered in blue. Co-ordinates of 
latitude and longitude (sexagesimal) given in full at each corner. Scale in 
miles and kilometres. 

Relief is shown by faint red contours at 50 m. interval, with spot-heights 
in black. Main roads are shown in red, secondary roads in fine double 
black lines, railways in black, rivers in blue, woodland in solid green. 


WO). 1: 250,000. G.S.G.5. Series 2738. France. 


The 1914-18 series were revised and recast in 1938 to join G.S.G.S. 4042. 
Seventeen sheets, 51x 66cm. Some sheets produced by the War Office, 
others by Ordnance Survey. The margins of adjoining sheets do not always 
agree. 
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No series grid, but each sheet is divided into 2 in. squares, numbered on 
the east and west, lettered on north and south. Scale in miles and kilometres. 

Relief is shown by pale green contours at 40m. interval, with spot- 
heights in black. Roads are in red, railways in black, rivers in blue, woods 
by horizontal grey-green shading. 


(7) 1: 500,000. G,5.G,5. Series 4072. Europe (Air). 


Compiled and drawn at the War Office, 1940, printed by the Ordnance 
Survey. Seven French sheets, 55 x67 cm., published by October 1941. 
Conical Orthomorphic projection (Central Zone). Grid divisions drawn 
every 10 min. of latitude and longitude. Margin divided into sections of 
10 statute miles. Scale given in kilometres, statute miles and nautical miles. 
Local mean times compared with G.M.T. are printed along the southern 
margin in blue. Line of equal magnetic declination (1940) are drawn across 
the map at 30 min. intervals. 

Relief is shown by brown contours at 100 m. interval, with layer tinting 
of white and three shades of purple, with black spot-heights. Between high- 
and low-water marks stippled, between sea level and 5 m. horizontal blue 
shading, below 5 m. light blue stippling. 5 and 20 m. contour lines in blue. 
Roads in brown, railways in black, rivers and lakes in heavy blue, woods in 
solid green, large towns shaded brown diagonally, small towns black. 
Detailed technical aeronautical information in black. 


(8). 1: 1,000,000, (G.SG.5. Series 2758. Europe: 


Nine sheets 44 x 48 cm. (north margin) and x51 cm. (south margin). 
Compiled at the Royal Geographical Society from sources listed on each 
sheet, drawn and heliographed at the Ordnance Survey Office, and published 
by the War Office, 1916. Second edition produced 1932-35. Third edition 
produced 1939-40. International sheet numbers (M 30, M 31, M 32, L 30, 
E41, 625 IC 30, Kar, Ko32): 

Details as for Carte internationale du Monde au Maillioniéme (see list of 
French Government Maps, No. (44)). 

A number of sheets of both the second and third editions were issued with 
detailed aeronautical information supplied by the Air Ministry superimposed 
in blue. ; 


(9) 1: 1,600,000. G.S.G.S. Series 2578 B. French railways. 


Based on the 1 : 800,000 maps of the Carte des Chemins de Fer francais 
(S.N.C.F.), and produced by the War Office and Ordnance Survey. A single 
sheet, 70 x64 cm. Scale drawn in miles and kilometres. 

Four grades of railways shown by red and green lines, 


C. ADMIRALTY CHARTS OF THE COAST OF FRANCE 


A key to the charts of France published by the British Admiralty will be 
found at the beginning of (1) Channel Pilot, part 11 (1938), (2) Bay of Biscay 
Pilot (1931) and (3) Mediterranean Pilot, vol. 11 (1937). It should be noted 
that a number of new charts have been issued since the dates of publication 
and are noted in the Supplements relating to the Pilots. The charts are 
based upon the French Admiralty charts. : 


MAPS OF FRANCE 245 


The French Admiralty charts are produced by the Service Hydrographique 
de la Marine. The most recent list of these is Catalogue des Cartes, Plans et 
Ouvrages qui composent L’ Hydrographie Francaise (Paris, 1939). 

The French Admiralty has produced its own triangulation of the coastal 
areas ; this is not always in accordance with that of the Service Géographique 
de l Armée, although coastal detail was inserted from the hand reduction of 
the latter’s cadastral survey (see page 234). 


D. GEOLOGICAL Maps. 


(1) 1: 25,000. Geologische Specialkarte von Elsass-Lothringen (Stras- 
burg, 1889). 


Geological detail superimposed in colour on black and white topographical 
map. Names in German. 


(2) 1: 80,000. Carte Géologique détaillée de la France. 


Geology superimposed in colours upon a light sepia edition of the Carte 
d’Etat-Major. 258 sheets. Produced from 1870. Second editions of two 
or three sheets are produced annually. 


(3) 1: 500,000. Carte Géologique de la France. 


Geology superimposed in colours upon a black edition of the 1 : 500,000 
Carte du Dépét des Fortifications. 48 sheets. 


(4) 1: 1,000,000. Carte Géologique de la France. 


Prepared by the Service de la Carte Géologique détaillée de la France. 1905. 
In colours. Large sheet on roller 100 x 110 cm. (also in quarter sheets). 


E. Arias DE FRANCE 


A National Atlas prepared by the Comité National de Géographie, which 
’ was founded in 1920 under the sponsorship of the Académie des Sciences. 
Publication commenced in 1933, and of the eighty-two projected sheets 
sixty-nine have been published (1942). Sheets 63 x 49 cm. 

The arrangement of maps upon the various sheets follows seven patterns 
in which different scales are used. Iwo maps of structure are on a scale 
of 1:1,000,000. The scale of 1:1,250,000 is used for the representa- 
tion of a quarter of France on one sheet, and 1 : 2,500,000 for the whole 
of the country on one sheet. Two type-patterns carry a number of smaller 
maps, six on a scale of 1 : 6,000,000, twelve on 1 : 8,000,000, and one or 
two larger maps on I : 4,000,000 accompanied by a number of smaller maps 
on 1 : 8,000,000 to fill the sheet. This scheme enables the representaticn of 
relevant features on scales that are readily comparable. 

The maps are intended to portray all aspects of the geography and national 
life of France that are cartographically representable. ‘The sheets are grouped 
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as follows (the numbers after each category indicate the number of sheets 
published) : 
(1) Cartography (2). 
(2) Physical geography : 
(a) ‘Topography (4). 
(6b) Geology and structure (4). 


(c) Climatology (9). 
(d) Hydrography (6). 
(3) Biogeography (4). 
(4) Economic geography: 
(a) Agriculture (9). 


(6) Industry (9). 
(c) Communications and trade (11). 


(5) Human and political geography (11). 


The maps, which present a great variety of detail, are in a wide range of 
colours. 


F. MIscELLANEOUS Maps 


(1) Cartes régionales and Cartes murales. 


Numerous large-scale local maps have been produced by various societies 
and organizations. These include l’ Administration des Eaux et Férets, le 
Service des Ponts et Chaussées, Touring-Club de France, Société francaise de 
cartographie, and private publishing firms in various towns. 

Local maps published each year are summarized in the annual Bzblio- 
graphie cartographique de la France, which is a supplement to the Bulletin 
du Comité National francais de Géographie (Paris). 


(2) Town-plans. 


Apart from the large-scale official French maps, Admiralty charts and 
Atlas de France insets, town-plans are contained in the following: 

(a) Guides Bleus. Published by the Librairie Hachette, Paris, with frequent 
revisions. Some editions illustrated. Eighteen guides, including two of 
Paris and its surroundings. There is also an abridged series, four guides 
covering the country. 

The most frequently used scales are 1 : 10,000 and I : 15,000. 

The plans are in black and white or black, brown and blue. 

(b) Guides du Pneu Michelin. The series includes a guide to the whole 
country, published annually, together with fourteen volumes of Les Guides 
Régionaux. Besides a series of road maps (see (3) below), there are some 
hundreds of detailed town-plans. 


(3) Road-maps published by Services de Tourisme Michelin. 


(a) 1 : 3,000,000. Seven sheets, 18 x 9 cm., in the Guides du Pneu Michelin. 
Roads in red (two grades), with Routes nationales (N.) in black, distances in 
kilometres in blue between red triangles. 

(b) 1:3,500,000 approximately. Seven sheets, of varying sizes, in the Guides 
du Pneu Michelin, showing snow-blocked roads. 
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(c) 1: 1,000,000. Routes rapides. Two sheets in colours. 

(d) 1: 1,000,000. Grandes Routes. Two sheets in colours. 

(e) 1: 200,000. Michelin Cartes routiéres. Thirty-seven sheets covering 
mainland France, together with Paris-Nord, Paris-Sud, Environs de Lyons, 
Pontarlier-Grenoble, and Lyon-Avignon. Details in colour of roads, classifi- 
cation, kilometrages, hotels, telephones, etc., etc. 

(f) 1: 100,000. Environs de Paris. Two sheets, in colours. 

(g) 1:50,000. Sorties de Paris. One sheet in colours. 


(4) 1:50,000. Carte Nautique de la Navigation Intérieure. 


Published in 1936 by the periodical Camping in collaboration with the 
Centre national d’expansion du tourisme. 8 sheets in colours. Key etc. in 
French, English and German. 


(i) La France (carte d’ensemble). (vi) 5 A Loire, de Goudet a Retournac. 
(ii) 1A La Seine, de Mussy a Troyes. (vii) 6A Dordogne, du pont de Verné- 
(i11) 2A Ardéche, de Vogué a Saint- joux a Argentat. 
Martin d’ Ardéche. (viii) 7A Orne, d’Echouché a Thury- 
(iv) 3A Tarn, de Florac au Rozier. Harcourt. 


(v) 4A Verdon, du pont d’ Aiguines 
a la Durance. 


(5) 1:390,000. Carte de production, transport et répartition de 
énergie électrique. 


Produced by Syndicat des entrepeneurs de réseaux et de centrales électriques. 
First edition 1930, second edition 1936. 1 sheet in colours. 


(6) 1: 400,000. Carte Touriste de France. 


Produced by the Touring Club de France. Third edition, 1914. 15 sheets, 
53 x 85 cm. Graticule of 30 min. lines of latitude and longitude (sexagesimal 
system from Greenwich) inclined to the margin. Grid lettered in capitals 
top and bottom, commencing from east, and in small letters at the sides com- 
mencing from north. The inner margin divided into 4 km. sections, outer 
margin into 10 min. of latitude and longitude (sexagesimal). Margin broken 
in places to allow important detail to be continued. 

Relief is shown by faint grey hill-shading with spot-heights in blue. 
Submarine contours are in blue at depths of 5 and 10m., then every 10 m. 
Roads are shown in red (eight grades), towns in red (four grades), railways 
in black (three grades), water in blue, woods in green stipple, a variety of 
miscellaneous symbols for monuments, etc. 


(7) 1: 400,000. Carte Régionale Shell. 


Produced by Foldex (Paris). Revised periodically. Ten folders, each 
containing two contiguous sheets 30x90cm. Each margin divided into 
25 km. intervals. 

Roads in grey and red (five grades), with Routes nationales numbers in 
black, kilometrages in blue. Railways in black (seven grades), rivers in blue 
(four grades), woods in solid green. Detailed symbols for objects of archaeo- 
logical interest (chateaux, abbeys, etc.). Inset plans of large towns. 

A very good road-map designed for the motoring tourist. 
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(8) 1:500,000. Carte de réseau de transport d’énergie électrique de 
France. 


Produced by Réunion des Sociétés de transport d’énergie électrique. First 
edition 1934, second edition 1936. Single sheet. The map accompanied a 
short handbook, giving a list of lines, power stations etc. 


(9) 1: 600,000. Carte de Péche, Ocean Atlantique. 


Produced by the Service Hydrographique de la Marine and the Office 
Scientifique et Technique des Péches Maritime, 1921. Eight sheets, 65 x 85 cm., 
representing in detail the seas off western Europe'from south-west Ireland 
to Morocco. Graticule drawn at degree intervals (sexagesimal from Paris), 
margin divided into minute intervals. 

Land coloured grey. Submarine contours in black at 50, 100, 120, 140, 
160, 180 and 200 m.; spot-depths in black. Depths emphasized by seven 
shades of brown. Submarine banks named in black and chief fishing grounds 
in red. Type of bottom (sand, mud, rocks, etc.) indicated by superimposed 
red and green shading. Type of bottom molluscs shown by superimposed 
red symbols. Limit of French territorial waters shown by thick red line. 


(10) 1:1,000,000. Bartholomew’s Contoured Motoring Map of 
France. 


Produced by the Edinburgh Geographical Institute. In two sheets, north 
and south, 54 x 108 cm. Meridians and parallels at degree intervals. 

Relief shown by contours in fine black lines at 100, 200, 500, 1,000, 
1,500, 2,000, 3,000 and 4,000 m., layer tinted in eight shades of green, brown 
and white, spot-heights in metres in black. Roads in red (four grades), 
Routes nationales numbered in red, kilometrages between black dots or 
bars in red, railways (two grades), rivers and canals in black, lakes in blue. 


(11) 1: 1,000,000. Carte des Canaux de France et Belgique. 
A single sheet in colours published in 1935 by Girard et Barriére (Paris). 


(12) 1:1,000,000. Carte de production de I’ énergie en France. 
Produced by the Service central de documentation of the Ministére des 
Travaux publics. Single sheet in colours published in 1936. 
Shows production and distribution of thermal- and hydro-electricity in 
France. ; 


(13) 1: 1,500,000. Navigable Waterways of France. 


Prepared by the Naval Intelligence Division, Admiralty, with revisions up to 
1940. Based on A (51). One sheet 70 x 65 cm. Scale in miles and kilometres. 

Canals in red (two grades by Freycinet classification), projected canals in 
pecked red line. Rivers in blue (three grades). Summit levels on canals 
in solid red. Names of canals in red, rivers in blue. Inland ports with 
railway connections underlined. Symbol denoting limit of navigation. 


(14) 1:2,500,000. Carte des Combustibles. 


A single sheet produced annually to 1938 by the Office de Statistique des 
houilléres. 


Shows annual imports into and exports from France of coal and coke. 
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(15) Cartes Industrielles de France. 


A series of twenty-seven sheets, 70 x 97 cm., produced since 1927 by the 
Société de Documentation Industrielle. They are very detailed maps, using a 
multiplicity of coloured symbols to indicate every kind of mineral concession, 
mine, factory, etc., superimposed on topographical sheets in faint grey, 
brown or sepia, with woods in pale green. Railways, autobus routes, tram- 
ways, port and dock facilities, etc. A detailed key is appended to each sheet 
or series of sheets. 


The published sheets are as follows: 

(a) Région Parisienne. 1933. Four sheets (NW, SW, SE, NE) I : 20,000, with 
one inset on SE sheet. 

(6) La Grande Banlieue (Seine-et-Oise et Seine-et-Marne). 1927. One 
sheet 1 : 320,000, with six insets of town-plans I : 20,000. 

(c) Du Nord et du Pas de Calais. Four sheets: 

(i) Carte Générale. 1932. I : 200,000. 

(ii) Two maps of Lille and Roubaix districts. 1930. I : 200,000. 

(i111) Centres Industriels Ouest. Nineteen insets, 1933, I : 20,000. 
(iv) Centres Industriels Est. Eighteen insets, 1929, of which one is 
I : 15,000, fourteen are I : 20,000 and three are I : 50,000. 

(d) L’ Alsace. 'Two sheets, 1929: 

(i) Carte Générale, 1 : 200,000. 

(ii) Eleven insets of town-plans, of which four are 1 : 20,000 and seven 
are I : 50,000. 

(e) Lorraine. Two sheets, 1930: 

(i) Carte Générale, 1 : 200,000, with one inset. 

(ii) Eleven insets of town- plans, of which four are I : 20,000, six are 
I : 50,000 and one is I : 1,500,000 (Les Liaisons de la Lorraine). 

(f) Rhéne. One sheet, 1932, Carte Générale, 1 : 320,000, with ten insets 
of town-plans, of which one is I : 10,000, one is I : 20,000, five are I : 25,000, 
one is I : 40,000, and two are I : 50,000. 

(g) Isére. One sheet, 1931, Carte Générale, 1 : 200,000, with seven insets 
of town-plans, of which one is I : 12,500, one is I : 20,000 and five are 
I : 50,000. 

(h) Savoie (Savoie et Haute-Savoie). One sheet, 1929, Carte Générale, 
I : 200,000, with five insets of town-plans 1 : 50,000. 

(t) Rhéne Maritime (Bouches-du-Rhéne, Gard et Vaucluse). Two sheets, 
1928: 

(i) Carte Générale, 1 : 200,000, with four insets of town-plans, I : 20,000. 

(11) Princtbaux Centres des Bouches-du-Rhéne, map of Marseilles and 
surroundings, I : 200,000, and four insets of town-plans, of which three are 
I : 15,000 and one is I : 25,000. 

(j) Seine Maritime. 'Three sheets: 

(i) Carte Générale, 1 : 200,000, 1929, with ten insets of town-plans, of 
which two are I : 15,000, five are I : 20,000, two are I : 50,000 and one is 
I : 80,000. 

(ii) Rouen, 1 : 15,000, 1934, with three insets of surroundings, of which 
two are I : 15,000 and one is I : 25,000, and a fourth inset of Assemblage 
Générale, I : 200,000. 

(iii) Principaux centres, 1929. Six insets of town-plans I : 10,000. 

(k) Franche-Comté (Doubs, Haute-Saéne et Territoire de Belfort). One 
sheet, 1931, Carte Générale, 1 : 200,000, with seven insets of town-plans, of 
which five are I : 15,000 and two are I : 50,000. 
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(1) La Port de Strasbourg (et ses usagers). One sheet, 1930. Two maps, 
Plan Générale du Port et des ses Extensions, 1 : 20,000, and Le Port Actuel, 
125,000. 

(m) Reims. One sheet, 1928, I : 12,500. 

(n) Territoire de la Sarre. One sheet, 1928, Plan Générale, 1 : 1,000,000, 
with six insets of town-plans, of which one is I : 20,000 and five are I : 25,000. 

(0) Loire. One sheet, 1932, Carte Générale, 1 : 200,000, with twelve insets 
of town-plans, of which one is 1 : 4,000, two are I : 10,000, one is I : 12,500, 
five are 1 : 20,000 and three are I : 50,000. 


(16) A Manual of Alsace-Lorraine (with Atlas). 


Produced by the Naval Staff, Intelligence Division, June 1919. I1.D.1211A. 
One relief panorama and nineteen atlas maps, portraying in colour aspects 
of the geography of Alsace-Lorraine. Sheets 24 x 28 cm. 


(17) Elsass-Lothringischer Atlas. 


Edited by Wolfram, G. and Gley, W., and produced by the Selbstverlag 
des_ Elsass-Lothringischen-Instituts, Frankfurt, 1931. Forty-five sheets, 
35 X50 cm. with 115 maps and diagrams. A variety of scales is employed, 
ranging from town-plans on 1 : 10,000 to a location map of Central Europe 
on 1 : 6,000,000. The most usual scales are 1 : 500,000 and I : 1,000,000, 
that is, Alsace-Lorraine shown on a whole sheet and on a quarter sheet re- 
spectively. Fifty-five maps are in colour, varying from a single tint to 
twenty-five different shades. 

Accompanying the Atlas is a volume of explanation text—Erlduterungsband 
zum Elsass-Lothringischen Atlas, viiit+ 168 pages. 

The Atlas endeavours to show cartographically the political, economic and 
cultural development of Alsace-Lorraine from prehistoric times up to 1918. 
It includes not only the more usual maps of relief, geology, drainage, com- 
munications, territorial changes, etc., but other less usual features such as 
place-name terminations, and architectural and linguistic distributions. It 
also has an extensive series of town-plans. 


(18) Dunlop Road Maps of France, Belgium, etc. 


An atlas of 32 pages, produced by J. Bartholomew and Son (Edinburgh) 
for the Dunlop Rubber Company (not dated). It includes twenty-seven 
section maps on a scale of 1 : 1,000,000 of France and adjoining territories, 
two section maps on scale of I : 100,000 of the environs of Paris, and two 
section maps of central Paris on scale of 1 : 20,000. Sheet size 19 X24 cm. 
No grid or graticule. 

Relief shown by contours at 100, 200, 300, 400, 600, 800, 1,000, 1,500, 
2,000, 3,000 and 4,000 m., layer-tinted in 13 shades of green, brown, pink 


and white. Roads in red (three grades), with kilometrages in red. Railways 
and rivers in black. 


(19) Times Atlas. 


Published by J. Bartholomew and: Son, Edinburgh (1921). This atlas 
covers France conveniently in four sheets, 42 x 39 cm., onscale of 1 : 1,000,000. 
Graticule drawn at degree intervals (sexagesimal from Greenwich). 

Relief shown by contours at 100, 200, 300, 400, 600, 800, 1,000, 1,500, 
2,000 and 3,000 m., layer tinted in eleven shades of green and brown. 


Roads shown in light sepia (three grades), railways in black (two grades), 
and rivers in black. 
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(20) Atlas général Vidal-Lablache. 


Produced by Vidal de Lablache and published by the Librairie Armand 
Colin (Paris, 1909). It contains 420 maps and plans, with a detailed gazeteer. 
Plate size 21 x 28 cm. 

While this is a world atlas, it contains a large number of maps of France 
in colour. 

Part I, Cartes historiques, has thirty-nine maps and inset plans dealing 
specifically with the history of France, as well as a large number of maps of 
western Europe. 

Part II, Cartes géographiques, has sixteen maps and numerous insets 
dealing with aspects of the geography of France. The base map on a single 
sheet is on a scale of 1 : 4,500,000. 


(21) Atlas Historique de la France. 


Produced by A. Longnon and published by Librairie Hachette (Paris, 
1885). It was originally intended to comprise 35 plates covering French 
history from Roman times to 1871, but only vol. 1, with 15 plates, was 
published; it illustrates French history to 1380. Size of plate 52 x 43 cm., 
in colour. 
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METRIC AND BRITISH UNITS! 


It is customary to think of the ‘metre’ and the ‘yard’ as representing unalterable 
units of length. This is not so. The metre was originally intended to be the 
10,000,000th part of the earth’s meridional quadrant. But the accurate determina- 
tion of this length proved to be extremely difficult—partly for technical reasons, and 
partly because of different conceptions of the ‘figure of the earth’. In view of these 
difficulties it became necessary to define the length of the metre in terms of suitable 
metal bars measured under specified conditions of temperature, pressure, humidity, 
etc. Similar standard bars were also used to define the length of other units such as 
the yard. As all these metallic standards are subject to change, conversion tables 
differ according to the date of comparison between different bars. The tables that 
follow are based on the comparison between the yard and the metre made in 1895. 
This made 1 metre equivalent to 39°370113 inches. 

The first five tables provide the ratios between units of the same kind, e.g. length, 
area, etc. For convenience in printing, negative powers of 10 have been used to 
indicate very small fractions, instead of the decimal system. Thus the figure 
0°00000032 becomes 3:2 x 10~’; the first significant figure is the seventh after the 
decimal point. Conversely, 7:34 x 10-5 becomes 0:0000734. 

Tables 6-18 give more fully the ratios between metric units and their equivalent 
British units. Metric digits (0 to 9) are printed in italics at the top of each table, 
reading horizontally from left to right. Metric tens, likewise in italics, read vertically 
from top to bottom on the left of the table. Thus, in Table 6, to convert 87 centi- 
metres into inches, read 8 down on the left, then move horizontally to the right to 
the 7 digit column, where the answer 34°252 is read. 


Metric System. List of Prefixes 


Deca means ten times. Deci means a tenth part of. 
Hecto means a hundred times. Centi means a hundredth part of. 
Kilo means a thousand times. Milli means a thousandth part of. 


In abbreviations the Decamette, etc., is Dm., and the decimetre, etc., dm. 


Noie on British ‘nautical’, ‘geographical’ and ‘ statute’ miles 


A ‘nautical mile’ is the length of the minute of the meridian at the latitude in 
question and is therefore a variable unit. It is given in feet for Clarke’s 1880 spheroid 
by the formula 

60771°I — 30°7 cos 2 Lat. 


This is the sea mile of the scale of latitude and distance of the Admiralty Charts. 
From the above formula it will be found to vary from 6,046-4 ft. at the equator 
to 6,107°8 ft. at the poles, being 6,077-1 ft. at latitude 45°. 

A ‘geographical mile’ is a fixed unit, being defined by some as the length of 
a minute of the equator and by others as that of the minute of the meridian at 
latitude 45°. According to the former definition its value on Clarke’s spheroid 
is 6,087 ft. and according to the latter 6,077 ft. The round figure 6,080 is usually 
adopted for the purposes of ordinary navigation. 

The so-called ‘international nautical mile’ of 1,852 m. or 6,076 ft. is the length 
of the minute of the meridian at latitude 45° on the International Spheroid. ‘This 
corresponds to the 6,077 ft. for Clarke’s spheroid. 

The British ‘statute mile’ measures 5,280 ft. 


1 The layout of the tables has been checked by Mr J. E. Sears, C.B.E., M.A., 
Superintendent of the Metrology Department of the National Physical Laboratory. 
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Aa, R., 55, 56 

Abancourt, 139 

Abbeville, 137, 139 

Abeilles, Les, 166 

Aber-Wrac’h, I’, 150 

Adour, R., 60, 156; basin of, 62; valley 
of, 92 

Adret, 112 

Agde, 167 

Agde, Cap d’, 122, 166 

Agen, 63 

Agenais, 63 

Agly, R., 120; valley of, 93 

Ahun, 70 

Aigoual, Mont, 82 

Aigues-Mortes, 166, 167, 198 

Aiguilles Rouges, 99 

Aiguillon, Baie de I’, 161 

ial Cap d., 473 

Ailly, Pointe d’, 131 

Ain, R., 114, 115; basin of, 116 

wusne, K.) 26, 20, 30, 31; 38, 40 

Aix, Ile d’, 161 

Ajoie, 53 

Albéres, Mont d’, 85, 94 

Albi, 62 

Albigeois, 61, 63 

Alderney Grits, 19 

Alengcon, plateau of, 16 

Alés, 83; basin of, 64 

Allier, R., 43,°75, 77, 78; basin of, 76; 
valley of, 64, 67, 72, 75, 78 

Alpilles, Mts, 123, 124 

Alprech, Cap d’, 137 

Ips; 1; 2, 2, 5; 50, 75, 94-112, 1x6, 
EEO, 120, 200. 210, 211, 21S, +220, 
221; folding of, 5 (fig.), 95 (fig.); 
glaciation and snowfields, 107 (fig.); 
river system, 103 (fig.) 

Alps, Cottian, 102, 210 

Alps, Graian, 102 

Alps, Maritime, 99, 106, 126 

Adsace, 52,. 53, 118, 219; plain of, 
53 (fig.) 

Amain, Monts d’, 17 

Ambert, 78 

Amiens, 36, 139 

Ancenis, 19 

Andelle, R., 35 

Angouléme, 61 

Angoumois, 61 

Anie, Pic d’, 89 


Annecy, 209; valley of, 104 

Antibes, 170-3 

Antibes, Cap d’, 170 

Anticlinal valleys, stages in formation of, 
113 (fig.) 

Anticyclone, 212-16 

Antifer, Cap d’, 133 

Aquitaine, 3, 6, 56-63, 123; basin of, 2, 
4; plains of, 85 

Aran, Val d’, 93 

Aravis, Col d’, 220 

Ate, RK. 102, 104, 126;-basin of, 427: 
valley of, 108 

Arcachon, 156, 162, 163; Baie d’, 156, 
162, 163 (fig.) 

Arcoét, II, 14 

Ardéche, R., 123 

Ardennes, 1, 3, 5, 31, 40, 47, 52, 54, 55; 
219 

Argens, R., 126 

Argentiére, glacier, 105 (fig.), 106 

Argiles plastiques, 22 

Argonne, 22, 26, 40 

Arguenon, R., 15 

Ariége, 86 

Ariége, R., 88, 93 

Arles, 123, 167 

Arly, R., 104 

Armagnac, 62; valley of, 60 

Armancon, R., 42 

Armor, I0, II, 14 

Armorican massif, 8, 19, 20, 21, 155 

Arras, 37, 56 

Arrée, Monts d’, 10, 11, 14 

Arromanches, 139 

Artois, 21, 22, 31, 36, 37, 55, 56, 137 

Arve, R., 104 

Arvert, Pointe d’, 161 

Aspe, Gave d’, 92 

Aspe, Val d’, 89 

Aube, R., 26, 38, 42 

Aubrac, plateau of, 72, 83 

Aubusson, 71 

ude, IK:5 62.94, (522, 123 

Audierne, 152; Baie d’, 152 

Auge, Pays d’, plain of, 16, 17, 18 

Aulne, R., 14, 152 

Ault, 137, 138 (fig.), 139 

Auray, 148, 155 

Aureilhan, 156 

Aurillac, 75 

autun, I’ ,§198 
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Authie, R., 37, 133; 1373-estuary of, 
135 (fig.); valley of, 36 

Autun, 64, 80 

Auvergne, 67, 70, 77, 210, 220 

Auxerre, 42 

Auxois, 42, 78 

Avallonais, 8 

Aveyron, R., 66; valley of, 61 

Avignon, 123, 124 

Avranches, 148 

Ay, R., 142 

Azergues, valley of, 80 


Ballon d’Alsace, 51 

Bandol, 170-1 

Banyuls, 166 

Barcarés, Le, 166 

Barcelonnette, 108 

Barfleur, 141 

Bar-le-Duc, 42 

Bar-sur-Aube, 42 

Bar-sur-Seine, 42 

Barre-de-Monts, La, 160 

Barrois, 41 

Basalt, 122, 166 

Bas Champs, 133 

Bas Dauphiné, 118 

Bas Limousin, plateau of, 71 

Bas Médoc, 5 

Bassigny, 42 

Baud, 155 

Bauges, 104, III 

Baux, Les, 124 

Bauxite, 124, 127 

Bayonne, 86, 164, 194; land and sea 
breezes at, 195 (fig.) 

Bazois, 42, 46, 78 

Béar, Cap, 166 

Beauce, 6, 28, 29, 31, 34 

Beaujolais, 80, 118 

Beaumont-sur-Oise, 34 

Bec Sormiou, 168 

Becs, 168 

Belfort Gap, 50, 53, I15, 116, 
219 

Belle Ile, 146, 153 

Berck, 137 

Bergues, 56, 137 

Berre, Etang de, 168, 170 

Berry, plain of, 43, 46 

Bertheaume, Anse de, 143 

Besancon, 53, 115, 116 

Bességes, 83 

Bessin, plain of, 17, 18 

Béthune, 55 

Béziers, 122 

Biarritz, 156, 159, 162, 163 

Bienne, R., 114 


118, 


INDEX 


Bienwald, forest of, 52 

Bigorre, 62, 93 

Biscarosse, 156, 162 

Biscay, Bay of, 56, 85, 130, 164, 189, 
208, 212 

Biscayan coast, 128, 130; communica- 
tions, 160-4; main features, 160-4; 
physical geography, 155-9 

Black Forest, 50, 112 

Blanc, Mont, 1, 94, 99, 106, 108 

Blanc Nez, Cap, 56 

Blanzy, basin of, 64 

Blavet, R., 14, 153, 155 

Boischaut, 46 

Bolbec, 35 

Bonhomme, Col de, 219 

Bonningues, 137 

Bordeaux, 63, 161, 162 

Bordelais, 63 

Boulogne, 38, 133, 137; basin of, 37 

Boulonnais, 26, 37, 38, 56, 137 

Bourbourg, 56 

Bourg St Maurice, 104, 112 

Bourgneuf, Baie de, 160 

Brandes, 46 

Brassac, 64 

Bray, Pays de, 26, 35 (fig.), 36 

Bréhat, Ile de, shingle ridge at, 147 (fig.) 

Brémontier, 156 

Brenne, 46 

Bresle, R., 36 

Bresse, 115, 116, 117, 118 

Brest, 14, 142, 144, 150, 152, 200, 202; 
Rade de, 10, 11 

Brest, Goulet de, 152 

Breton coast, 128, 130, 200; communi- 
cations, 148-55; main features, 147- 
55; physical geography, 142-7 

Brevenne, valley of, 80 

Briangonnais, 99-100, 104, 108 

Brie, 6, 26,20, 3% 

Brignogan, 150 

Brignoles, 127 

Brioude, 75 

Brittany, I, 3; 8-21, 64, 128, 142, 155, 
168, 199, 209; coast of, 147-55; coast 
of northern, 149 (fig.); effect of 
early erosion in, 8, 9; geology of, 13 
(fig.), 143 (fig.); north-eastern, coastal 
features of, 178 (fig.); north-western, 
coastal features of, 179 (fig.); regional 
divisions, 9-21; routeways of, 14; 
south-eastern, coastal features of, 
180 (fig.); western, 151 (fig.) 

Brive, basin of, 72 

Bruneval, chalk cliffs near, 140 (fig.) 

Buech, R., 1ro4 

Burgundy, 219 


INDEX 


Caen, 141; limestone of, 18; plain of, 
16, F7 

Calais; 56; 133, 137 

Calvados, Plateau du, 139 

Camarat, 152, 170, 171 

Camargue, 123 

Cambrésis, 55 

Campagne, 16, 18 

Canals: Blavet, 155; Brest-Nantes, 152, 
$55; Midi, 167; St Quentin, 139; 
Rhéne, 167; Somme, 139 

Cancale, 147, 148 

Canche, R:, 37, 133, 137; estuary of, 
135 (fig.); valley of, 36 

Canet Plage, 166 

Canigou massif, 94, 120 

Cannes, 127; 171 

Cantal, Monts de, 72, 220 

Cap, see under place-name 

Capcir, basin of, 85, 94, 122 

Carcassonne, 56, 62, 123, 198 

Carentan, 141; basin of, 18 

Carlit massif, 88, 92, 120 

Carmargue, 124, 126 

Carmaux, basin of, 62 

Carteret, I41 

Cassel, Mont, 55, 56 

Cassis, 170 

Castellane, 106, 126 

Catalan coast, 164 

Cats, Mont des, 55 

Causse de Larzac, 84 

Causse de Sauveterre, 84 

Causses, 60, 61, 66, 67, 70, 83, 110, 116, 
123 

Caux, Pays de, 6, 22, 35, 36, 133, 139 

Cayeux, 138 

Cazaux, 156 

Centtal Massif, 1, 3, 4; 8, 21, 42, 43, 
46, 56, 57> Ox, 63-84, 93, 112, 116, 
£17, £18, 123, 188, 200, 205, 210, 216, 
220; central area of, 72-8; coal basin 
of, 65; eastern border of, 78-83; 
geological section across, 78 (fig.); 
geological structure of, 64-70; geology 
of, 69 (fig.); regions of, 68 (fig.); 
rivers of south-western edge, 84 (fig.); 
southern area of, 83-4; volcanic 
region of, 73 (fig.) 

Cépet, 170, 171 

Cerbére, Cap, 85 

Cerdagne, 85, 94, 122, 221 

Cévennes, 66, 67, 75, 78, 80, 82, 83, 
Fig, 122; 123; 196; 198, ‘205, 2205 
chestnut woods of, 82 (fig.) 

Cézallier, plateau of, 72 

Céze, R., 123; valley of, 83 

Chablais, 104, III 
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Chalk, 17, 18, 22, 34, 35, 36, 37, 38, 39, 
40, 43, 56, 71, 133, 137, 139 

Challans, 160 

Chalon-sur-Saéne, 118 

Chalosse, 62 

Chambaran, plateau of, 117 

Chambéry, valley of, 104 

Chamonix, 102; valley of, 99 

Champagnac, 64 

Champagne berrichonne, 43 

Champagne: Dry (Pouilleuse), 22, 30, 
38, 39; Wet (Humide), 22, 39, 40 

Champagnole, plateau of, 114 

Champsaur, 108 

Champtoceaux, 19 

Channel coast, 128; physical geography, 
130-6; main features, 136-42; com- 
munications, 137-42 

Channel Islands, 18, 19, 131 

Chantilly, 34 

Chapus, Le, 16: 

Charente, R., 60, 62; basin of, 61; valley 
of, 161 

Charolais, 80 

Chartres, 28 

Chateaulin, 15, 152; basin of, 11, 14, 
142 

Chatillon, 42 

Chausey, Iles, 16 

Cher, R., 43, 46, 71; valley of, 46 

Cherbourg, 141, 199 

Chiers, R., 41 

Ciotat, Baie de la, 170 

Cité, Ile de la, 31 

Citeaux; 117 

Clape, La, 122, 164, 166 

Clay, 14; 10, 17, 19, 21, 20, 54, 84; 
Gault, 22, 38, 39, 40, 43; Jurassic, 22, 
26, 29, 36, 38, 39, 40, 41, 42, 43, 46, 
47, 5°, 54, 61; Tertiary, 22, 29, 31, 
39, 43, 46, 53, 55, 56, 60, 76 

Clay-with-flints, 23, 24, 35, 36, 43 

Cléres, 35 

Clermont-Ferrand, 76, 190, 199, 210 

Climate, 188-232; see also Anticyclone, 
Cloudiness, Cyclone, Frost, Gales, 
Precipitation, Pressure, Rainfall, 
Snowfall, Snow-cover, Temperature, 
Thunderstorms, Visibility, Weather 

Climatic tables, 222-32 

Cloudiness, 204-5; average, 204 (fig.) 

Cluses, 96 

‘Coal furrow’, 72 

Coal Measures, 19, 38, 55, 61, 64, 70, 
72, 80 

Coasts, 128-87 

Cognac, 61 

Coirons, Monts des, 80, 81 (fig.) 
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Col, see under place-name 

Collioure, 164, 166-7 

Commentry, 70, 71 

Compiégne, 31, 34 

Concarneau, 146, 155 

Conflent, 94 

Corbiéres, 93 

Corneille, 77 

Cornouaille, 11 

Corréze, R., 71,72 

Corsen, Pointe de, 149, 150 

Cosne, 26, 42 

Costiére (Coustiére), 122, 124 

‘Céte Champenoise’, 30 

Cote d’Or, 42, 63, 117, 219 

Cotentin, 17, 18, 131, 133, 141, 142 

Cotentin peninsula, coastal features of, 
177 (fig.) 

Cétes de Meuse, 22, 41 

Cétes de Moselle, 40, 47 

Coubre, Pointe de la, 162 

Couesnon, R., 15 

Courseulles, 141 

Cra, 123, 124, 126 

Creac’ hmeur, 143 

Crémieu, 118 

Crét de la Neige, 112 

Creuniers, Rochers des, 139 

Creuse, R., 71 

Creusot, Le, 64, 80 

Croisette, Cap, 170 

Croisic coast, 20 

Croisie, Le, 146, 154, 155; formation of 
sandspit at, 153 (fig.) 

Crotoy, Le, 137 

Crozon, 142, 152; peninsular, 144 (fig.) 

Cruas, 119 

Cyclone, 214 


Dauphin, Mont, 104 
Dauphiné, 104, 110, 210 
Deule, R., 55 

Dieppe, 36, 133, 139 

Digne, 99, 104 

Digoin, 77 

Dijon, 116, 220 

Dinan, 148 

Dinard, 148 

Diois, 104 

Dives, R., 18, 139 
Dives-Cabourg, 141 

Dol, 15, 146, 147, 148 
Dombes,. 115, 117, 118 
Domfront, 148 

Donzére, 123; gorge, 119 (fig.) 
Dordogne, R., 61, 71, 72; valley of, 61 
Dore, Mont, 66, 72 

Dore, R., 78 
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Douarnenez, 142, 152; Baie de, 10, 11, 
144, 152 

Doubs, R., 53, 114, 115, 1173 basin of, 
116 : 

Dover, Straits of, 
136 (fig.), 175 (fig.) 

Drac, R., 104, 114; valley of, 106 

Draguignan, 209 

Dréme, R., 104; valley of, 61, 96, 110 

Dune, see under place-name 

Dunkirk, 47, 56, 133, 137 

Durance, R., 104, 106, 124; valley of, 
108, I10 

Durdent, valley of, 139 


coastal features, 


Ecouves, Forét d’, 16 

Elorn, R., 152; valley of, 14 

Embrunois, 108 

Emergence, shoreline of, 128, 130 

English Channel, geology of lands 
around, 130 (fig.) 

Epernay, 30, 38 

Epinal, 50 

Epte, R., 35 

Erquy, Cap d’, 148 

Estaque, 170 

Esterel, Mts, 99, 120, 126, 168, 170 

Etang, see under place-name 

Etretat, 139; chalk cliffs near, 140 (fig.) 

Eure, R., valley of, 34 


Faluns, 15, 57 

Faucilles, Monts, 50, 118 

Fécamp, 139 

Feére, La, 31 

Ferrat, Cap, 173 

Ferret, Cap, 156 

Finistére, 152 

Flamanville, Cap de, 141 

Flanders, 21, 31, 37, 47, 55 

Flysch, 102 

Fog, 202 

Folligny, 148 

Fontainebleau, 22, 31 

Forét, Baie de la, 142 

Forét, see under place-name 

Forez, Monts du, 75, 78; basin of, 67, 77 

Fos, Golfe de, 170 

Fosse de Cap Breton, 156, 159 (fig.) 

Fouras, 161 

France, eastern, geology of, 49 (fig.); 
eastern, regions of, 48 (fig.); geo- 
logical and physical subdivisions of, 
6, 7 (fig.); northern, geology of, 33 
(fig.); northern, regions of, 32 (fig.); 
south-eastern, geology of, 1o1 (fig.); 
south-eastern, regions of, 100 (fig.); 
south-western, geology of, 59 (fig.); 
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~ south-western, regions of, 58 (fig.); 
structure of, 2 (fig.) 

France, Ile de, 30, 38 

Fréhel, Cap, 142, 148 

Fréjus, 126 

Fresquel, 123 

Fret, Le, 152 

Fromentine, 160 

Frost, 200; days of, 203 (fig.) 

Furens, R., 80 

Fuveau, 127 


Gaize, 22, 26, 40 

Gales, 190-3 

Gannat, 76 

Gard, 166 

Gard, R:, 123 

Gardiole, La, 122 

Gardon, valley of, 83 

Garonne, R., 57, 60, 62, 63, 64, 85, 86, 
93; basin of, 1, 198, 200, 205 

Garrigues, 122, 123 

Gascony, 128, 164; coast of, 166 

GAatinais, 8, 26, 39, 40 

Gatine, 20 

Gavarnie, 85; Cirque de, 88 (fig.) 

Gave, see under place-name 

Geneva, Lake, 104 

Genevois upland, 104 

Genévre, Mont, 220 

Gerbier de Jonc, Mont, 80 

Giens, sandspits of, 168 (fig.), 
171 

Gier, R., 80 

Gironde, R., 60, 155, 156, 161, 162; 
estuary, coastal features of, 183 (fig.) 

Givors, 117, 118 

Gneiss, 64 

Goulven, Baie de, 150 

Grandcamp, 141 

Grand Combe, 83 

Grand Morin, R., 29 

Grande Briére, 20, 154 

Grande Chartreuse, 104, III 

Gran-du-Roi, Le, 167 

Ee Grauite, &, 0, 10, 11, 14, 15,16, 18, 19, 
20, 21, 51, 64, 83, 99, 141, 142-4, 147, 
149, 152, 153, 160, 170 

Granville, 16, 141, 147 

Graus, 165, 166 

Grave, Pointe de, 156, 162 

Gravelines, 56, 137 

Graye, 139 

‘Grenoble, 102, 104 

Grésivaudan, 102, 108, I10 

Gréve, La, 161 

Grimaldi, 170 

Gris Nez, Cap, 38, 137 


GH (France 1) 


170, 
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Groix, Ile de, 146, 153 

Grosne, valley of, 80 

Grosse Terre, 160 

Guérard, 6 

Guernsey, 19 

Guil, valley of, 102, 108 

Guines, 56 

Guingamp, 148, 150 


Hague, Cap de la, 141 
Hague, La, 18 
Haguenau, forest of, 52 
Hail, 210 

Hardelot, 137 

Hardt, 52 

Harfleur, 139 

Harvest, winter wheat, 203 (fig.) 
Hauteville syncline, 114 
Havre, 133, 139, 202 
Haye, Forét de, 41 
Hazebrouck, 55, 137 
Hendaye, 162, 163, 164 
Hennebont, 155 
Hérault, 166 


,Hérault, R., 80, 122, 123 


Hercynian Mts, 1, 2, 4, 8, 64, 93, 95, 
102, 112, 120, 126; folding of, 54; 
structure of, 9 (fig.) 

Hesdigneul, 137 

Héve, Cap de la, 131; cliff section at, 
132 (fig.) 

Hohneck, 51 

Honfleur, 139, 141 

Hortillons, 36, 37 

Hourdel, Pointe du, 133 

Hourtin, 156 

Hurepoix, 22 

Hyéres, Iles d’, 170, 
features of, 187 (fig.) 


171; coastal 


Ile, see under place-name 

Ill, R., 52, 53 

Indre, R., 43, 46 

Iron ore, 41, 42 

Isére, R., 102, 104; valley of, 99, 108, 
11 (iig:), H17 

Isigny, 141 

Isle, R., 60; valley of, 61 

Issoire, 75 

Iton, R., valley of, 34 


Jardheu, Pointe de, 141 

Jersey, 19 

Jura, 96, 112-16, 118, 200, 205, 210, 
folded, 113, 114, 116, 126; plateau, 
114-16; section across, 114 (fig.) 


Kemmel, Mont, 55 
18 
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La, see under place-name 

Lacanau, 156 

Lacanau-Océan, 162 

Lagoons, formation of, 158 (fig.); Bay 
of Biscay, 156; Mediterranean, 164, 
165 (fig.) 

Lamanon, 124 

Lamballe, 148 | 

Lambert, Mont, 38 

Lamothe, 162 

Landerneau ria, 14 

Landes, 60, 62, 156, 162, 163; coastal 
features of, 184 (fig.) 

Langeac, 64 

Langres, plateau of, 42, 200, 219 

Languedoc; 57, 62, 120; 122; 123,128} 
Lower, 122-3; coastal features of, 
164-7, 185 (fig.); communications, 
166-7; plain of, 70, 119 

Lannemezan, 57, 60, 62, 86 

Lannion, 150; coast near, 145 (fig.) 

Lanvaux, Landes de, 14 

1aon,-22,, 29; 30 

Lardier, 170, 171 

Lauragais, 61 

Lauter, R., 47, 52 

Lawe, R., 55 

Lay, R., 161 

Layon, R., 21 

Le, see under place-name 

Légué, Le, 148 

Lens, 55 

Léon, 11 

Les, see under place-name 

Lette, R., 29, 31 

Leucate, Cap, 166 

“Le Val’, 46 

Levant, Ile de, 198 

Lévy, Cap, 141 

Lez, 166 

Liane, R., 38 

Lieuvin, 16, 17, 18, 21 

Lignite, 127 

Lille, 55 

Limagne, 67, 75, 76 

Limestone, 16, 17, 18, 21, 22, 23, 28, 29, 
30, 31, 34, 41, 60, 64, 71, 89, 92, 93, 
102, 104, 110, 114, 116, 118, 119, 123, 
124, 126, 127, 139, 166; Cambrian, 
64, 83; Corallian, 22, 26, 41, 42, 43; 
Cretaceous, 22, 60, 61, 85, 86, 95, 96, 
118, 122, 123, 124; Devonian, 86; 
Eocene, 22, 29, 31, 85, 122; Jurassic, 
22, 38, 40, 46, 53, 60, 61, 66, 78, 80, 
83, 86, 95, 96, 112, 118, 122, 137, 
161; Liassic, 50; Mesozoic, 47, 52, 
70, 119; Oolitic, 22, 26, 42, 43, 50; 
Portland, 22, 26, 42, 43; Silurian, 64; 


INDEX 


Tertiary, 22, 29, 61, 63, 95; Triassic, 
50, 95 

Limoges, 71 

Limon, 23, 24,28, 29, 30, 345 35, 37; 
51, 52, 53; distribution of, 23 (fig.) 

Limousin, 66, 70, 71, 78; plateau of, 46, 
79, 71 

Lion, Golfe du, 85, 120, 123, 164, 189, 
190, 198, 199 

Lisieux, 141 

Lison, 141 

Livradois, Mt, 78 

Loess, 51, 52, 53; see also Limon 

Loing, R., 8, 39 

Loir, R., 16 

Loire, R., 19, 20, 21, 26, 28, 42, 43, 46; 
64, 77, 116, 128, 153, 154, 155, 160; 
basin of, 76, 200, 205, 210, 220: 
estuary of, 181 (fig.); valley of, 15, 19, 
46, 67, 75, 78 

Lomagne, 63 

Lomont, Montagnes du, 115 

Lons-le-Saunier, 114, 116 

Lorient, 11, 146, 148, 153, 154, 155 

Lories, 124 

Lorraine, 26; 40, 41,.42,-50, 55, 4165: 
escarpment of, 24 (fig.); plain of, 47, 
50; plateau of, 21, 47 

Lot, R., 63, 72, 84; near Cahors, 83 
(fig.); valley of, 83 

Lourdes, 92 

Lozére, Mts, 82 

Lubéron, Mt, 123 

Lac, de, 126,127 

Lugon, 160 

Luc-sur-Mer, 141 

Lumbres, 137 

Luzarches, 34 

Lyonnais, 118 

Lyonnais, Monts du, 80 

Lyons, 80, 94, 116, 117, 118, 123, 190, 
199, 210 

Lys, R., 34, 55 


Maconnais, 80, 118 

Madon, R., 50 

Maine, Lower, 17 

Maisy, Pointe de, 141 

Mans, Le, 16 

Manvieux, Cap, 139 

Marais Breton, 160 

Marcouf, 18 

Marennes, 161, 162 

Margeride, 78 

Marignane, 197 

Marin, 198 

Marl, 61; Cretaceous, 93; Gault, 131; 
Jurassic, 102; Liassic, 78 


INDEX 


Marne, R., 26, 29, 30, 38, 39 

Marquenterre, 36 

Marquise, 38 

Marseilles, 126, 170, 196, 198 

Marsh, 5, 18, 20, 29, 31, 32, 36, 37, 38, 
395-435-406, 52, 137; 155, 160, 161, 162) 
167; see also Swamp 

Martigues, 170 

Martin, Cap, 173 

Matignon, 148 

Mauges, 21 

Maures, Mt, 99, 120, 126, 168, 170, 

171 

Maurienne, 108, 111 

Mayenne, 15 

Méan Ruz, 144 

Mediterranean coast, 164-73; lagoons 
of, 165 (fig.) 

Médoc, 63, 162 

Menez, Landes du, 10, 14 

Menton, 170, 171, 173 

Mercantour, 99 

Mer de Glace, 106 

Mesas, 122 

Metz, 23, 47 

Meuliéres, 29 

Meuse, Cétes de, 22, 41 

Wieuse, R., 21,.26, 28, 40, 41; 42; 543 
basin, river capture, 27 (fig.); valley 
of, 42, 54 

Meéze, 164 

Méziéres, 54, 55 

Millevaches Plateau, 71 (fig.), 72 

Minizan, 162, 163 

Mistral, 197 (fig.), 198 

Molasse, 57, 61, 62 

Molluscs, boring, 165 

Monaco, Rocher de, 173 

Mont, Monts, see under place-name 

Montagne Noire (Central Massif), 62, 
64, 83, 123 

Montagnes Noires (Brittany), 11, 14 

Montargis, 22 

Montbéliard, 53, 116 

Montélimar, 119, 123, 197 

_ Montereau, 26, 30, 31 

Montivilliers, 35 

Montlugon, 71 

Montpellier, 122, 123, 166, 197 

Morbihan, 146, 153, 154 

Morez, 114 

Morgion, Cap, 168 

Morlaix, 10, 11; Baie de, 142, 150 

Mortagne-sur-Gironde, 162 

Morvan, Mt, 42, 63, 64, 77, 78, 80; 
perspective diagram of, 79 (fig.) 

‘Morvois’, 6 ; 

Moselle, Cétes de, 40, 47 
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Moselle, R., 23, 26, 40) 741, 47, 50: 
basin, river capture, 27 (fig.); valley 
of, 41 

Moulins, 64, 76 

Moutiers, 104 

Mulhouse, 53 


Naguille, Etang de, 88 

Nancy, 23, 40, 41, 210, 219 

Nantes, 19, 20, 21, 152, 154, 155, 160, 
161, 194; land and sea breezes at, 
196 (fig.) 

Nantua, 114 

Napoule, Golfe de la, 171 

Narbonne, 122, 166; gulf of, 166 

Naurouze Gap, 56, 57, 62, 123 

Nerthe ridge, 126 

Neste, R., 93 

Neubourg, plateau of, 34 

Neufchateau, 42 

Neurthe, R., 5¢ 

Nevers, 42, 46, 75 

Nice, 106, 170, 171, 173, 209; coastal 
area, 172 (fig.) 

Nied, R., 47 

Nimes, £22, 123, 107 

Niort, 161 

Nivelle, R., 159 

Nivernais, 42, 46 

Nogent-sur-Seine, 6 

Noirmoutier, 155 

Noirmoutier, Ile de, 160 

Nonnenbruch, forest, 53 

“Noordland’, 56 

Nord, 55 

Normandie, Collines de, 16 

Normandy, 15, 16, 17; 18, 35; 141, 219; 
coast of, 133 

Nortkerque, 137 

Notre Dame de Lorrette, 56 

Noyelles, 138 

Nozeray, plateau of, 114 

Nuits-sous-Raviéres, 42 


Odet. RK... 1, 153 

Offshore bar, stages in development of, 
158 (fig.) 

Ognon, R., 53 

Oisans, 108 

Oise, R., 29, 31; valley of, 30-5 

Oleron, Ile d’, 155, 161 

Oloron, Gave d’, 92 

Onival, 138 

Orléans, 22, 28 

Ornans, 114 

Orie; R:, 17; 139, 141 

Ossau, Gave d’, 92 

Othe, Pays d’, 39 
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Ouche, R., 42 

Ouessant, Ile d’, 152, 199 
Ouistreham, 139, 141 
Ourcq, R., 29 

Oust,.R., 14 

Ouve, R., 18 


Paimbceuf, 20, 160 

Paimpol, 148, 150 

Palavas, 166 

Pallice, La, 161 

Paris, 22, 26, 28, 29, 30, 31, 34, 36, 37, 
39, 139, 141; Basin, 2, 3, 4, 6, 17, 
21, 22, 24 (fig.), 25 (fig.), 28, 30, 31, 
37, 40, 41 (fig.), 42, 45 (fig.), 46, 54, 
55, 57, 60, 118, 130, 131, 219 

Pas-de-Calais, 55, 210 

Pau, Gave de, 88, 92 

Pauillac, 162 

Pavilly, 35 

Payré, Pointe du, 161 

Pays, 6,7, 28, 67 

Peat,.5% 

Pechelbronn, 53 

Pellerin, Le, 20 

Pelvoux, Mt, 99, 104, 106 

Penmarc’h, Pointe de, 142, 150, 152, 153 

Perche, 16, 17, 21, 34 

Perche, Col de la, 89, 94 

Perigord, 61 

Perpignan, 94, 120, 166, 196, 197, 204, 
205 

Perros-Guirec, 150 

Perthois, 39 f 

Perthus pass, 94 

Petit Morin, R., 29, 30 

Petite Flandre, 162 

Petites Alpes, 168, 170 

Petites Pyrénées, 86, 93 

Petroleum, 53 

Picardy, 22, 31, 36, 37, 38, 219 

Pierre Surhaut, 78 

Pilat, Dune de, 156 

Pithiviers, 28 

Plan de Direts, La, 89 

Planéze, 75 

Plantaurel, Mts, 86, 93 

Plateau, see under place-name 

Plestin, 150; Baie de, 150 

Pleubian, 149, 150 

Plouaret, 150 

Plouay, 155 

Plouescat, 150 

Plouézec, 148, 149 

Plouha, Pointe de, 142, 148 

Plozévet, 152 

Pointe, see under place-name 

Poitevin marshes, 21, 155, 161 
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Poitou, 5, 21; Gate of, 57; Strait of, 2 
Poligny, 115 

Pontarlier, 114 

Pontaubault, 148 

Ponthieu, 36 

Pontivy, 155 

Pontorson, 148 
Pont-a-Mousson, 41 

Pont Chateau, 155 

Pont Abbé, 152, 155 

Pont Ste Maxence, 34 
Ponts-de-Cé, Les, 19 

Pornic, 160 

Porspoden, 150 
Port-de-Bouc, 167 
Port-en-Bessin, 141 

Port Maubert, 162 

Port Navalo, 155 

Port St Louis-du-Rhéne, 167 
Port Vendres, 166 


Potash, 53 
Prades, basin of, 64 
Precipitation, 205-10; annual, 206 


(fig.); see also Rainfall 

Pressure, climatic, 189-200 

Primel-Trégastel, 150 

Primeurs, 127 

Provence, 85, 93, 99, I10, I19, 120, 
210; coast of, 168-73; communica- 
tions with coast, 170-3; Lower, 126; 
perspective diagram, 125 (fig.) 

Puget Théniers, 106, 110, 126 

Puisaye, 39, 40 

Puy de Déme, Mt, 72, 75 (fig.), 209; 
extinct craters of, 74 (fig.); panorama 
of, 76 (fig.) 

Puy de Saucy, Mt, 72 

Puy, Le, 76, 77; basin of, 78, 80 

Puys, 72 

Pyrenees, 1, 2, 4, 5, 51, 56, 57, 62, 
85-94, 96, 99, I19, 120, I2I, 122, 
123, 126, 164,166, 198, 200) 72007 
210, 218, 221; central, 92—3; eastern, 
93-4; geology of, 91 (fig.); regions 
of, 90 (fig.); relief of, 87° (ges 
western, 89-92 


Quartzite, 15, 54 

Quercy, 61 

Queyras, 108 

Quiberon, 142, 146, 153, 
sandspits at, 153 (fig.) 

Quimper, 11, 152, 154, 155 


154, 155; 


Rade de Brest, 10, 11 

Railways: Abbeville-Le Tréport, 138; 
Brest-Paris, 152; Cherbourg-Folligny, 
142; Cherbourg-Rennes, 148; Lyons- 


INDEX 


La Rochelle, 76; Nantes-Bordeaux, 
161; Paris-Brest, 150; Paris-Nimes, 
76; St Gilles-Ste Pazanne, 160; 
Saintes-Bordeaux, 162; Saintonge 
system, 162; Trouville-Deauville, 141 

Rain, days, 207-9, 208 (fig.) 

Rainfall, 205-9; regions, 207 (fig.); see 
also Precipitation 

Rambouillet, 31 

Rance, R., 15, 146, 148 

Raz, Pointe du, 142, 152 

Ré, Ile de, 155, 161; coastal features of, 
182 (fig.) 

Redon, 155 

Régnéville, 141 

Reims, 30, 38 

Rennes, basin of, 11, 14, 15 

Retz, Pays de, 160 

Revermont, 115 

Reyssouze, R., 117 

Rhenish Massifs, 47 

Rhine, 5, 47, $2; 115; 117; valley of, 50, 
51 (fig.), 52, 188, 199 

Rhine-Doubs, river-capture, 115 (fig.) 

Rhone, R.,.64, 104, 115,116, 117, 118, 
£20,. 522,123, 124; 128, (130,: 1673 
Great123; little; 423; basin of, 1; 
corridor of, 117; delta of, 164, 166, 
167, 168, 170; delta, coastal features 
of, 186 (fig.); valley of, 78, 80, 96, 
BiG, 117, TIS-10; 120, 129, 1237, 196, 
202, 216 

Rh6éne-Saéne, corridor, 4, 53, 67, 116-19 

Ria, 11, 144 

Ried, 52 

Rille, valley of, 34 

Riom, 76 ; 

Riviera, 99, 205; coast of, 130; coastal 
features of, 187 (fig.); see also Pro- 
vence, coast of 

Riviere de Landerneau, 14 

Roanne, 67, 77 

Roc, Pointe du, 141 

Roche-Bernard, La, 155 

Roche-sur-Yon, La, 160 

Rochefort, 155, 161, 194; land and sea 
breezes at, 195 (fig.) 

Rochelle, La, 160, 161, 162 

Rochers, see under place-name 

Romanche, R., 104; valley of, 106, 108 

Roncesvalles Pass, 89 

Roscoff, 142, 149, 150 

Roselier, Pointe du, 148 

Rosporden, 155 

Roubaix, 55 

Rouen, 34, 35, 139 

Roussillon, 120, 166; plain of, 85, 93, 94, 


119 
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Roux, 170, 171 
Rove tunnel, 170 
Royan, 161, 162 
Ruzes, 114 


Sables d’Olonne, 160, 161 

Sabloney, Dune de, 156 

St André, plateau of, 34 

St Auge, 166 

ot Brieuc, 11, 148,. 150, 155; Baie de, 
10, 146 

St Cast, Pointe de, 142, 148 

St Cloud, 31 

St Dié, 50 

St Eloi, 64 

St Etienne, 77, 80; basin of, 64 

St Flour, 75 

St Foy l’Argentiére, basin of, 64 

St Gildas, Pointe de, 160 

St Gilles, 124, 160 

St Guénolé, 152 

St Inglevert, 199 

St Jean-de-Luz, Baie de, 159, 163 

St Jean-de-Sixt, cluse near, 98 (fig.) 

St Malo, 148; Golfe de, 15 

St Marcellin, 117 

St Mathieu, Pointe de, 142, 150, 152 

St Michel (puy of), 77 

St Michel, Mont, 146, 147; Baie de, 15, 
146, 147, 148; causeway of, 148 

St Nazaire, 20, 153, 155, 194; land and 
sea breezes at, 196 (fig.) 

St Omer, 55, 137 

St Pierre, Rochers de, 166 

St Pol-de-Léon, Baie de, 142, 150 

St Quentin-Plage, 137 

St Raphael, 171 

St Rigaud, Mont, 80 

St Romain, 35 

St Tropez, Golfe de, 171 

St Vaast, 141 

St Valéry-en-Caux, 139 

St Valéry-sur-Somme, 139 

Ste Baume, Mt, 126 

Ste Maries-de-la-Mer, 167 

Ste Pazanne, 160 

Ste Victoire, Mt, 126 

Saintes, 161, 162 

Saintes Maries, Les, 167 

Saintonge, 61 

Salers, 75 

Salins, 116 

Salins de Giraud, 167 

Salt, 20, 50 

Sancerrois, 42, 43 

Sand dunes, 38, 56, 133, 136, 137, 139, 
141, 148, 154, 155, 158, 160, 161, 162, 
164, 166 
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Sandstone, 8, 15, 22, 29, 30, 34, 46, 
57; Bunter, 52; Mesozoic, 47, 52; 
147; Permo-Triassic, 50, 92; Ter- 
tiary, 29, 43, 57; Triassic, 50, 51 

Sangatte, 136, 137 

Sansouires, 124, 126 

Saéne, R., 115; 297; 1182 basityor, 7; 
116, 117, 118; plain of, 42; valley of, 
78, 220; see also Rhéne-Saéne 


Sark, 19 
Sarre, R., 47, 5 
Sarthe, iia TS, a 19; valley of, 16 


Sauldre, z, 43 

Saumur, 42, 46 

Savenay, Sis 

Saverne Gap, 51 

Savoy, I10, 210, 219 

Scarpe, R., 55; valley of, 55 

Scheldt, R., 37; valley of, 55 

wchist, 19, 20, 64, 70, 83,1255, 150,11 52, 
153; crystalline, 83, 99 

Schistes Lustrés, 102 

Sedan, 54 

Sée, R., 1 

Ségalas, 83 

Segre, R., 94; valley of, 89, 221 

Seille, R., 117 

Seine, R., 5, 16, 21,22, 26, 28; 20,30, 
34, 35, 38, 39, 42, 64, 139, 209; basin 
of, I, 139, 200, 205, 210; basin, river 
capture, 27 (fig.); estuary of, coastal 
features, 176 (fig.); valley of, 31, 34, 
35, 219; see also Paris, Basin 

Seine, Val de, 26 

Sélune, R., 15 

Semois, R., 54 

Senlis, 34 

Sens, 22 

Sensée, R., 55 

Sept Iles, 149 

Serqueux, 139 

Séte, 122, 164, 166, 197, 198 

Sévre, R., 161 

Sévre-Nantaise, valley of, 20 

Shales, 8, 15, 19, 54; ee 102 

Sicié, Cap, 199 

Sillon de Bretagne, 20 

Silica, 133 


Sioule, R., 72 
Sisteron, 104, 110 
Slack, R., 38 


Slate, 8, 15, 19, 20, 54, 83, 86, 96, 144, 
148, 152, 154, 166, rye 

Snow-cover, 216-21; tables of, 221 

Snowfall, 200, 210-11; frequency of, 
211 (fig. ) 

Soissonnais, 29, 30; plain of, 34; valley 
in, 30 (fig.) 
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Soissons, 22, 30 

Sologne Bourbonnais, 76, 77 

Sologne, R., 5, 40, 42, 43 

Somme, R., :36,: 37, .093,,04'73) eatuany 
of, 134 (fig.), 138 (fig.); valley of, 36 

Somport, Col de, 89, 92 

Strasbourg, 52, 199, 200 

Submergence, 10, 144, 146, 
170; shoreline of, 128 

Sundgau, 53 

Surzur, 155 , 

Swamp, 20, 29, 40, 51, 61; 
Marsh 


155, 168, 


see also 


Tallard, 104 

Tancarville, 139 

Tarbes, 62,.93 

Tarentaise, 108, 111 

Tarn, R., 60, 84; valley of, 83 
Tech, R., 120; valley of, 93, 94 
Temperature, 200-2; actual, 201 (fig.) 
Terre Négre, 162 

Terre Plaine, 42, 78 

Terres chaudes, 43 

Terres froides, 43 

Terrible, Mont, 53, 115 


Tet, R., 120, 166; valley of, 89, 93, 94, 
221 
Tethys, 95 


Thau, Etang de, 122, 164, 167 

Thérain, valley of, 25 

Thiaucourt, 40 

Thiérache, 31 

Thionville, 40 

Thunderstorms, 209-10 

Tonnerre, 42 

Toul, 26 

Toulon, 126, 127, 170, 171; coastal area, 
169 (fig.) 

Toulouse, 56, 60, 62, 63, 93 

Touquet, Le, 137 

Touraine, 46 

Tourcoing, 55 

Tourves, 127 

Trayas, Le, coast at, 171 

Trégorrois, peninsula of, 146 (fig.) 

Trélazé, 19 

Tréport, Le, 133, 139 

Tréquier, 150 

Trévignon, 142, 153 

Trieux, 146 

‘Troumouse, Cirque de, 88 

Trouville, 139 

Truyére, valley of, 72 


Ubac, 112 
Ubaye, valley of, 106, 108 
Urville, 141 
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U-shaped valley, diagram of, 108 (fig.) 
Ussel, 71 


Vaccarés, 124 

Vaccarés, Etang de, 167 

Vaches Noires, 139 

Val, see under place-name 

Valence, 118; basin of, 118 

Vallée Noire, 46 

Vallespir, 94 

‘“Valleuses’, 139; formation of, 131 
(fig.); on north coast of France, 
132 (fig.) 

Valloire, basin of, 117, 118 

Valognes, 141; basin of, 18 

Valois, 29, 31; plain of, 34; plateau of, 
30; valley of, 30 

Valromey, 114 

Valserine, valley of, 114 

Vanne, R., 39 

Vannes, 155 

Vanoise, 106, 108 

Var, R., 106, 110; valley of, 171 

Varennes, 46 

» Vars, Col du,220 

_ Velay, plateau of, 67, 76 

Vendée, La, 20, 21, 161; plain of, 21 

Ventoux, Mt, 104, 123 

Vercors, 104; massif, 111 

Verdon, R., 106, 162 

Verdon, Le, 162 

Versailles, 28 

Vesle, R., 29 

Vesoul, 53 

Vexin, 34; ‘francais’, 35; ‘normand’, 6, 
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35 
Veyle, R., 117 
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Veys, Baie des, 139, 141 

Vézére, R., 71, 72; valley of, 61 

Vidourle, R., 123 

Vieille-Nouvelle, 166 

Vienne, R., 46, 61, 118 

Vienne-Creuse, valley of, 46 

Vilaine, Ry.145/ 15, 1535955 

Villefranche, 64, 66, 170, 171, 173 

Villers-Cotterets, 29 

Vimeu, 36 

Vimy ridge, 56 

Wire, R.; Tat 

Virine, 50 

Visibility, 202-4; atmosphere pollution, 
204; see also Fog and Cloudiness 

Vivarais, Monts du, 80, 119 

Volcanic activity, 67-70, 72-7 

Vorey, 77 

Vosges, 1, 3, 5, 42, 47, 50, 52, 53, 54, 64, 
EES, (1 P5200, 210, (210; High, so; 
Low, 51, 52; section of, 50 (fig.) 


Watten gap, 55, 56 

Weather, types of, 211-16 

Wimereuse, R., 38 

Wimereux, 38 

Wind-rose maps, 192 (fig.), 193 (fig.) 

Winds, 189-200; local, 196-8; upper 
air, 199, 200 

Woévre, 6, 22, 41 

Woincourt, 138 


Yéres, R., 29 
Yeu, Ile d’, 160 
Yonne, R., 26 
Yser, R., 56 
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The Heights engraved on the Map are in English Feet 
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